- mmm ' — — imiMiiiimMiiBii 

® /#JU European Patent Office 

Office europeen des brevets © Publication number: O 1 97 474 B1 




© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 10.07.91 <g) Int. CI. 5 : C12P 17/10, C12P 41 /OO 

© Application number: 86104352.9 

<§> Date of filing: 29.03.86 



<£) Process for preparing optically active indollne-2-carboxyllc acid. 



© Priority: 01 .04.85 JP 69769/85 
2O.05.85 JP 1091 60/85 
08.06.85 JP 124879/85 

<£a) Date of publication of application: 
15.10.86 Bulletin 86/42 

Publication of the grant of the patent: 
10.07.91 Bulletin 91/28 

© Designated Contracting States: 
BE CH DE FR GB IT LI NL 

© References cited: 
USA- 4 485 241 

PATENT ABSTRACTS OF JAPAN, vol. 10, no. 
269 (C-372)[2325], 12th September 1986; & 
JP-A-61 92 595 (KANEGAFUCHI CHEM. IND. 
CO., LTD) 10-05-1986OO., LTD) 10-05-1986 

PATENT ABSTRACTS OF JAPAN, vol. 10, no. 
269 (0372)123251, 12th September 1986; & 
JP-A-61 92 596 (KANEGAFUCHI CHEM. IND. 
CO., LTD) 1 0-05-1 986CO., LTD) 10-06-1986 . 



© Proprietor: KANEGAFUCHI KAGAKU KOGYO 
KABUSHIKI KAISHA 

2- 4 Nakanoshima 3-chome 
Klta-ku Osaka-shl Osaka-fu(JP) 

<§) Inventor: As ad a, Masanori 

3- 5-21, Okihama-cho Takasago-cho 
Takasago-shl Hyogo-ken(JP) 
inventor: Hamaguchl, Shigakl 

Kodan 42-501 3-1, Mlnatojlmanakamachl 

Chuo-ku, Kobe-shi Hyogo-ken(JP) 

Inventor: Kutsukl, Hldetoshi 

2207, 1-5-8, Shioya-cho Tarumi-ku 

Kobe-shl Hyogo-ken(JP) 

Inventor: Nakamura, Yoshlo 

1-17-13, Nlshlhata 

Takasago-shi Hyogo-ken(JP) 

Inventor: Takahashl, Hldeyukl 

3-15-12, Mlyakodal Kamiso-cho 

Kakogawa-shi Hyogo-ken(JP) 

Inventor: Takahara, Kenji 

2660 Netheriand Avenue 

Att, 2507 Bronx New York 10463(US> 

Inventor: Shlmada, Yoshlo 

321-2, Kawahara Kakogawa-cho 

Kakogawa-shl Hyogo-ken(JP) 



UJ 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 



EP O 



197 474 B1 



PATENT ABSTRACTS OF JAPAN, vol. 11, no. 
141 (C-421)[258S], 8th May 1987; & JP-A-61 
282 093 (KANEGAFUCHI CHEM. INO. CO., 
LTD) 12-12-1986. INO. CO., LTD) 12-12-1986 



Inventor: O has hi, Takehisa 

9-14, Shlnoharaobanoyama-cho 3-chome 

Nada-ku, Kobe-shl Hyogo-ken(JP) 

Inventor: Watanabe, Kiyoshl 

15-41, Mats ugaoka 5-chome 

Akashi-shi Hyogo-ken(JP) 



<S) Representative: Turk, Qille, Hrabal 
Brucknerstrasse 20 
W-4000 DUsseldorf 13(DE) 



2 



EP O 197 474 B1 



Description 

The present invention relates to a process for preparing" optically active indoline-2-car boxy lie acid by an 
optical resolution, which comprises subjecting a racemlc ester of (R,S)-indoline-2-carboxylic acid having the 
general formula [<R,S)-I]: 



El ^> 



<r,s>— JL X C(* f fi)-U 

V COOR 

wherein R is an alky I or alkenyl group having 1 to 10 carbon atoms; an alkyl or aikenyl group having 1 to 10 
carbon atoms substituted with either hydroxy I group or a halogen atom, or simultaneously substituted with 
both hydroxy! group and a halogen atom; a substituted or unsubstituted aromatic hydrocarbon group; or 
substituted or unsubstituted phenyl or benzyl group, to the action of an enzyme or a microorganism having 
a stereo-selective esterase activity , which is capable of asymmetrically hydrolyzing the racemic ester [- 
{R,S)-l] to give optically active indoline-2-carboxyllc acid having the formula [II*]: 



[XI* 3 

COOH 

so as to produce the hydrolysis product, i.e. optically active indoline-2-carboxylic acid [II*] and an unreacted 
optically active ester of indoline-2-car boxy lie acid having the general formula [1*3: 



£X*3 

COOR 

wherein R is as above, isolating each optically active form, and further, if necessary, hydrolyzing the 
obtained optically active ester [I*] to give an optical antipode of the acid £11*]. 

The present invention also relates to a process for preparing optically active indoline-2-carboxylic acid 
by immobilizing the microorganism or the enzyme on the support and utilizing the affinity difference 
between indoline-2-carboxylic acid and ester of indoline-2-carboxylic acid to the immobilizing support, 
which comprises eluting hydrophilic optically active indoline-2-carboxylic acid with water or a buffer 
solution, and men hydrolyzing with alkali optically active ester of indoline-2-carboxylic acid which is 
adsorbed and retained on the support, followed by elution of optically active indoHne-2-carboxylic acid [IT] 
which has an opposite optical rotation based on the previously obtained optically active indoline-2- 
carboxylic acid. 

The process of the present invention can produce (RHndoline-2-carboxyiic acid and ester of (S)- 
indoline-2-carboxylic acid, (S)-indoline-2-carboxylic acid and ester of (R)-lndollne-2-carboxyiic acid, or 
simultaneously both (R)- and (S)-lndoline-2-carboxylic acids. 

These optically active indoline-2-car boxy lie acids can be used as a starting material for synthesizing 
various kinds of drug. For example, (S)-indoline-2-carboxyllc acid can be used for synthesizing (S)-1-£(S)- 
mercapto-2-oxopropyll-lndoline-2-carboxyUc acid having the formula: 
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CH 3 -CH— * 



COOH 



CH 2 SH 

which is an antihypertensive drug effective as an inhibitor for Angiotensin I converting enzyme, and the like 
(J. Med. Chem. 26, 394 (1983)). 

Hitherto, these optically active indoline-2-carboxylic acids have been prepared by using the agent for 
optical resolution as follows: 



(1) 




d— camphor sul phonic 
acid 



(R) — 



COOEt 




COOEt 



(Japanese unexamined Patent Publication No. 81460/1982) 



<2) 



( t )— a— methyl benzyl amine 
:> (s> — 



COOH 




COOH 



(M. Vincent e! aU Tetrahedron Letters, 23. 1677 (1982)) 



(3) 



CO,- 

H ^COOH 



£-cinchonidine 

^ (S> 




COOH 



(S)-form Is extracted from mother liquid. (J. Med. Chem., 26, 1267 (1983)) 

However, these processes are too complicated and thus a more simple process for preparing optically 
active indoline-2-carboxylic acid or optically active ester of indoiine-2-carboxylic acid has been desired for 
55 the production on a large scale. 

The present Inventors have studied, In order to establish a simple process for preparing optically active 
indoiine-2-carboxylic acid, by esterifying inaoiine-2-carboxyiic acid with various alcohols and then subjecting 
the obtained ester to the action of a microorganism or an enzyme. As the result, it was found by the present 
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inventors as follows: 

(1) Racemic ester of (R,S)-indoline-2-carboxylic acid was subjected to the action of an enzyme derived 
from the animal pancrea; the microorganism of the genus such as Aspergillus . Bacillus, Streptomyces , 
Arthrobacter , Saccharom yces , Aeromonas , Acidiphilium , Brevibacteri um , Corynebacterium . Trichosporon 

s or Pseudomonas ; or an enzyme derived from any of these microorganisms to be asymmetrically 

hydrolyzed to give (R)-indoIine-2-carboxylic acid and ester of <S)-Jndoline-2-carboxylic acid, which were 
then separated and extracted with an organic solvent to give (R)-indoline«2-carboxylic acid [(R)-ll] and 
ester of <SHndoline-2-carboxylic acid E(S)-I], further £(S)-I] being hydrolyzed with alkali or an enzyme to 
give (S)-indoline-2-carboxyIic acid [(SHU. 

to (2) Racemic ester of (R,S)~indoline-2-carboxylic acid was subjected to the action of the microorganism of 
the genus such as Aicaligenes . Nads on ia . Rhodotorula . Torulopsis , Frotaroinobacter . Pseudomonas , 
Arthrinium , Aspergillus , Cephalosporium , Echinopodospora . EmericeHopsis , Hypocrea , I sari a , Lepista , 
Nectria , Phialophora . Pestalotiopsis , Podospora , Montliella . Kluyveromyces , Schizosaccharomyces . Wic- 
kerhamia , Arthrobacter . Brevibacterium , Botryoascus, Candida . Citeromyces . Debaryomyces or Hor- 

ts moascus, or an enzyme derived from any of these microorganisms to be asymmetrically hydrolyzed to 
give (S)-lndoline-2-carboxyHc acid [(S)-ll] and ester of <R)-indoline-2-carboxylic acid [<R)-l], which were 
then separated and extracted with an organic solvent to give [<S)-II] and [(R)-i] ( further £<R)-I] being 
hydrolyzed with alkali or an enzyme to give [<RHU- 

(3) The above enzyme or microorganism was immobilized on a hydrophobic support so that, by utilizing 
20 an affinity difference between indoIine-2-carboxylic acid and ester of indoline-2-carboxyJic acid to the 
immobilizing support, hydrophilic indoline-2-carboxylic acid was eluted with water or a buffer solution and 
then ester of indoline-2-carboxylic acid, which was adsorbed and retained on the support, was hydrolyz- 
ed with alkali to elute optically active indoline-2-carboxylic acid [II*] which had an opposite optical rotation 
based on the previously obtained optically active indoline-2-carboxylic acid. 
25 Hitherto, it has not yet been reported that optically active indoline-2-carboxylic acid can be prepared by 

the asymmetric hydrolysis of ester of indoJine-2-carboxylic acid with enzyme or microorganism, that 
racemic ester of indoline-2-carboxylic acid is asymmetrically hydrolyzed with immobilized enzyme while the 
reaction product is simultaneously separated, and then unreacted ester adsorbed on the support is 
hydrolyzed with alkali, the product of hydrolysis being eluted, and that these processes can be carried out 
30 continuously. 

In accordance with the present invention, there can be provided a process for preparing <R)-indoline-2- 
carboxylic acid having the formula [<R)-H]: 



36 




l (R)-ni 



AO 

by an optical resolution, a process for preparing (S)-indotine-2-carboxylic acid having the formula [<S)-!l]: 



45 




t (S)-II] 



60 

by an optical resolution, and a process for preparing optically active indoline-2-carboxylic acid having the 
formula [11*]: 

56 
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5 




111*3 



Examples of ester of indoline-2-carboxylic acid having the general formula [(R,S)-I]: 

70 



is 




wherein R is an aikyl or alkenyi group having 1 to 1 0 carbon atoms; an alkyl or alkenyl group having 1 to 1 0 
carbon atoms substituted with either hydroxy I group or a halogen atom, or simultaneously substituted with 

zo both hydroxy I group and a halogen atom; a substituted or unsubstituted aromatic hydrocarbon group; or 
substituted or unsubstituted phenyl or benzyl group, which is used as a substrate in the present Invention, 
are esters with, for instance, methanol, ethanol. propanol, butanol, amino alcohol, hexanol, heptanol, octanol, 
ethylene glycol, glycerol, glycerol-o-monochlorohydrin. 2,3-dichloro-l -propanol or 1 ,3,5-pentanetrtol. 

Ester of indollne-2-carboxylic acid [<R.S)-I] can be obtained as follows: i.e. to (R,S)-indoline-2-carboxyiic 

26 acid is added alcohol, which serves as both solvent and reaction reagent, to conduct condensation reaction 
in 5 to 40 % (W/V) concentration of indoline-2-carboxylic acid under strong acidic condition at a 
temperature ranging from 50 "C to reflux temperature for 1 to 5 hours. Then, to the reaction mixture a 
saturated aqueous solution of sodium bicarbonate Is added to adjust to pH 7, followed by extraction with a 
hydrophobic organic solvent such as ethyl acetate, chloroform, methylene chloride, toluene or hexane, and 

30 further concentration to give ester of (R,S)-indoline-2-carboxylic acid [<R,S)-I] with a high purity. 

Examples of microorganism which has a stereo-selective activity for asymmetrically hydrolyzing 
racemic ester [(R.S)-I] to give [(R)-ll] are those of genus such as, for instance, Arthrobacter , Sac- 
charomyces, Aeromonas, Acidiphilium, Brevi bacterium. Corynebacterium , Trlchosporon or Pseudomonas, 
more especially Arthrobacter paraffineus ATCC 21317. Saccharom yces cerevisiae HUT "7018, Aeromonas 

35 hydrophila IFO 3820, Acidiphilium cryptum IFO 1 4242 ~Brevibactertum~~~protophormiae IFO 12128. Cor- 
ynebacterium paurometabolum IFO 12160, Trichosporon cutaneum IFO 1200, Pseudomonas oxalacticus 
IFO 13593 and the like. 

Examples of microorganism which has a stereo-selective esterase activity capable of asymmetrically 
hydrolyzing racemic ester [(R.SHJ to give [(S)-ll] are those of the genus such as, for instance, Alcaligenes . 

ao Nadsonla , Rhodotorula . Toruiopsis , Protaminobacter , Pseudomonas. Arthrinium , Aspergillus . 
Cephalosporium , Echinopodospora . Emericellopsis . Hypocrea . Isaria, Lepista , Nectria . Phialophora , 
Pestalotlopsis , Podospora . Moniliella , Kluyveromyces , Schizosaccharomyces . Wickerhamia , Arthrobacter , 
Brevibacterium , Botryoascus , Candida , ~Citeromyces , Pebaryomyces or Hormoascus . more especially Al- 
caligenes faecalis IFO 12669, Nadsonla elongata IFO Q665. Rhodotorula glutinis TAM 4642, Toruiopsis 

45 gropengiesseri IFO 0659. Protaminobacter albofiavus IFO 3707, Pseudomonas acidovorans IFO 13582, 
Arthrinium phaeospermum IFO 5703, Aspergillus ficuum IFO 4280, Cephalosporium mycophtlum IFO 8580, 
Echinopodospora jamaicensis IFO 304O6, Emericellopsis glabra IFO 9031 , Hypocrea lactea IFO 8434, Isaria 
atypicola IFO 9205, Lepista nuda IFO 8104, Nectria flammea IFO 30306, Phialophora fastigiata IFO 6850, 
Pestalotiopsis distincta IFO 9981, Podospora carbonarla IFO 30294, Moniliella tomentosa CBS 22032, 

so Kluyveromyces fragiiis IFO 0288, Schizosaccharomyces pombe IFO 0347, Wickerhamia fluorescens IFO 
1116, Arthrobacter crystal lopoietes IFO 14235, Brevibacterium flavum ATCC 21 269, Botryoascus syn- 
naedendrus IFO 1604, Candida diversa IFO 1090, Clteromyces matritensis IFO 0651, Debaryomyces 
Hansen it IFO 0015, Hormoascus platypodia IFO 1471 and the like. _________ _ 

The strains of the above microorganisms have been deposited at IFO (Institute For Fermentation, 

se Osaka, Japan). ATCC (American Type Culture Collection, Rockville, VSA), CBS (Centraalbureau voor 
Schimmelcultures, Baarn, Netherlands), IAM (Institute of Applied Microbiology, University of Tokyo, Japan) 
or HUT (Faculty of Engineering, Hiroshima University, Hiroshima, Japan). 

These microorganisms can be cultured with any culture medium on which the microorganisms can 
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multiply such as. for instance, culture medium comprising glucose, peptone, yeast extract, meat extract, 
and the like. The culture of the microorganism is usually carried out under aerobic condition at from 10* to 
40 * C. preferably from 25 * to 35 * C, at pH ranging from 3 to - 8, preferably from 6 to 7, for 24 to 48 hours. 
The asymmetric hydrolysis of ester of indoline-2-carboxylic acid with microorganism can bo carried out 
s by adding the substrate, racemic ester [(R.S)-I], to the culture medium when starting culture of the 
microorganism so that culture of the microorganism and hydrolysis of the racemic ester are conducted 
simultaneously. Alte natively, it may be carried out by adding racemic ester [(R,S)-I3 to the culture medium 
containing cells which is obtained after culturing. the microorganism .or by adding [(R.SH] to the cell 
suspension, wherein celts obtained from centrifugation or filtration after culturing the microorganism are 

to suspended in a buffer solution. In order to achieve better recovering of the product after hydrolysis reaction, 
the hydrolysis reaction is preferably carried out in such a way that after concentrating the cells by 
centrifugation, filtration and the like, the cell suspension with a high concentration is prepared, to which 
racemic ester [(R.S)-IJ is added. 

Though some of ester [(R.SH1 has a low solubility in water, this would not disturb the hydrolysis 

75 reaction if the reaction is carried out with stirring. In such a case, also an organic solvent such as, for 
instance, acetone or methanol, or a detergent may be added to the reaction mixture In such an amount that 
would not interrupt the hydrolysis reaction. 

The reaction is carried out at a temperature ranging from 10* to 50 *C, preferably from 25* to 35* C, at 
pH ranging from 5 to 8, preferably from 6.5 to 7.5. Though the reaction time varies depending on a ratio 

zo between an amount of the substrate and that of the cells, the reaction may be stopped when a molar ratio 
of 1 : 1 between the unreacted ester and the produced carboxylic acid Is achieved. However, in view of the 
activity of the cells in the reaction, an amount of the substrate to be added should be such that the ratio of 
1 : 1 is achieved within 1 2 to 48 hours. Also since pH value of the reaction mixture is inclined to shift to the 
acidic side as the hydrolysis reaction proceeds, the pH of the reaction mixture is preferably maintained at 

25 from 6 to 7 with a neutralizing agent such as, for instance, NaOH. 

As the enzyme from the microorganism, crude enzyme, which is obtained by crushing the cells of the 
microorganism followed by fractionation with ammonium sulfate or treatment with acetone, or purified 
enzyme, which is obtained by further purifying the crude enzyme with column chromatography, can be 
employed. Examples of commercially available enzyme for producing C(R)-II] are, for instance, Bioplase al- 
so 15®(origine: Bacillus subtilis , made by Nagase & Company, Ltd.), Protease Amano P® (origin: Aspergillus 
meileus . made by Amano Pharmaceutical Co.), Actinase E®(origin: Streptomyces griseus , made by Kaken 
Pharmaceutical Co.), Steapsin® (derived from hog pancrea, made by Wako Purechemical Industries, Ltd.), 
Lipase L 31 26® (derived from hog pancrea, made by Sigma Chemical Co.), Pancreatic digesting enzyme 
TA® (made by Amano Pharmaceutical Co.) and the like. Examples of commercially available enzyme for 

35 producing [(S)-ll] are, for instance. Lipoprotein lipase (L. P.L. Amano 8. origin: Pseudomonas aeruginosa , 
made by Amano Pharmaceutical Co.), Lipase AP-6 (origin: Aspergillus niger , made by Amano Pharmaceuti- 
cal Co.) and the like. ~~ ~ " 

For conducting the asymmetric hydrolysis reaction, the substrate racemic ester I(R,S)-I] is suspended in 
the reaction mixture with a concentration of 2 to 30 % (W/V) and thereto a proper amount of the enzyme is 

40 added. The amount of the enzyme is preferably such that, for instance, a ratio of the enzyme to the 
substrate (by weight) is from 1 : 5 to 1 : 1000. Then the reaction is carried out at a temperature ranging 
from 10* to 40*C, preferably from 25* to 35* C, while an amount of produced carboxylic acid and a 
decreased amount of ester of carboxylic acid are measured with high performance liquid chromatography, 
and the reaction Is stopped when 1 : 1 of a molar ratio between [I"] and tin in the reaction mixture is 

45 obtained. Though the reaction may be carried out at pH value ranging from 4 to 8.5, the pH of the reaction 
mixture is preferably maintained at from 6 to 7 with a neutralizing agent such as, for instance, NaOH 
solution since pH value of the reaction mixture is inclined to shift to the acidic side as the hydrolysis 
reaction proceeds. 

After asymmetric hydrolysis with the microorganism or the enzyme, the pH of the reaction mixture is 
so adjusted to 7 and then only optically active ester of indollne-2-carboxylic acid [I*] is extracted with a 
hydrophobic organic solvent such as ethyl acetate, chloroform, methylene chloride or hexane so that [I*] Is 
separated from hydrophilic optically active indoline-2-carboxylic acid [II*]. 

Though the thus obtained optically active ester may be concentrated as such to give the ester with a 
high optical purity. It can be converted into optically active indoline-2-carboxylic acid as follows: i.e. optically 
55 active ester of indoline-2-carboxylic acid [($)-!] or C(R)-I] is hydrotyzed with alkali at room temperature at pH 
ranging from 9 to 11 for 10 minutes to 2 hours to give [(S)-ll] or [(R)-ll] respectively. Alternatively, [(S)-l] or 
[<R)-I] is subjected to the action of the enzymes capable of specifically hydrolyzing [(SHI ° r C(RH3 such as, 
for instance, Lipoprotein lipase Amano 3 (made by Amano Pharmaceutical Co.) for t(SH3 and Steapsin 
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(made by Wako Purechemical Industries, Ltd.) for [(R)-!], or to the action of the microorganism capable of 
specifically hydroiyzing [(S)-l] or [(R)-l] to give [(S)-ll] or E(R)-II] respectively. 

The pH of the solution obtained after hydrolysis is adjusted to 4 to 6, preferably around 5.0, and the 
resultant is then extracted with an organic solvent such as methylen chloride, ethyl acetate, toluene or 

s hexane. followed by concentration and crystallization, in an organic solvent such as acetone to give [(SHI] 
or [(R)-Hl with a high optical purity. 

On the other hand, optically active indoiine-2-carboxylic acid remained In the water layer after extraction 
of ester of indoline-2-carboxylic acid can also be treated as above, i.e. the pH of the solution is adjusted to 
4 to 6, preferably around 5.0, and then the extraction as mentioned above is conducted to give C(R)-II] or [- 

to (SHI] w,tn a n '9 n optical purity. 

The immobilized enzyme or the immobilized microorganism can be prepared by immobilizing the 
above-mentioned commercially available enzyme or cells obtained after culturing the microorganism as 
such on a hydrophobic resin. Alternatively, the cells are crushed and then fractionation with ammonium 
sulfate or treatment with acetone is carried out to give a crude enzyme, which is immobilized on a 

is hydrophobic resin as such or after further purification. 

Various hydrophobic supports may be employed in the present invention as the support for immobiliz- 
ing the enzyme. The hydrophobic support employed in the present invention does not adsorb hydrophilic 
compound [11*] produced in the asymmetric hydrolysis reaction in water or a buffer solution but adsorb the 
unreacted ester [I*] through hydrophobic interaction and preferably has a stability even in an alkaline range 

zo of pH 8 to 10. Examples of such support are, for Instance, a hydrophobic synthetic resin, a hydrophobic 
resin for chromatography, hydrophobic photo induced crosslinked-resin, hydrophobic u re than prepolymer. a 
macromolecule material in which a hydrophobic group is introduced by a chemical bonding, and the like. 

Immobilization of the enzyme on such support can be carried out by various known methods such as 
physical adsorption, covalent bonding, ionic bonding, cross-linking and entrapping methods. In case of 

25 immobilization of the microorganism, entrapping method and the like may be employed (edited by Fukui, 
Chibata and Suzuki, "Kosokogaku", P 157 - 243, Kodansha, 1981; edited by Ichiro Chibata, "Koteikakoso". 
Kodansha, 1975). 

In the industrial process, the immobilized enzyme is preferably prepared by allowing the enzyme to be 
physically adsorbed on a hydrophobic synthetic adsorbent while the immobilized microorganism is prefer- 
so ably prepared by entrapping the cells in hydrophobic photo induced cross linked- res In or urethan 
prepolymer resin in view of simplicity of the process, mechanical strength of the support and economical 
reason. 

Though an amount of the enzyme or microorganism Immobilized on the support cannot be sweeplngly 
determined since it varies depending on a immobilizing capacity of the support, the amount of the enzyme 

35 immobilized on the support may be about 0.1 to about 10.0 mg, usually about 1 to 20 mg per 1 g wet 
weight of the support while the amount of the cells immobilized on the support may be 0.1 to 1 g, usually 
about 0.1 5 to about 0.5 g per 1 g wet weight of the support. 

Though an amount of the substrate which can be loaded on a column filled with the immobilized 
enzyme or the immobilized microorganism varies depending on a kind of the immobilizing support and that 

40 of the substrate ester, the substrate can be loaded on a column in the highest amount as far as the 
unreacted substrate is not eluted while the substrate Is loaded or when a buffer solution Is passed through a 
column. For example, when the immobilized enzyme, wherein the support is a synthetic adsorbent 
Amberlite XAD-7®, is filled in a column and the substrate is ester with ethylene glycol, up to 1/5 amount of 
the substrate based on the column volume can be loaded. For loading the substrate, the substrate is merely 

45 placed on the upper part of the column and thereto a buffer solution is added in a column process, or the 
substrate is mixed with the immobilized enzyme or the immobilized microorganism in a batch process. 

The asymmetric hydrolysis reaction of the present invention can be conducted usually at a temperature 
ranging from 10* to 60* C, preferably from 20* to 40 °C, The reaction of the present invention can be 
carried out at pH ranging from 4.5 to 10, preferably from 6 to 7.5 to give the maximum reaction rate. Since 

so the pH value of the reaction mixture is lowered by indoline-2-carboxylie acid which Is produced as the 
reaction proceeds, the pH is preferably, maintained in a fixed range with a buffer solution and the like when 
a large amount of the substrate is loaded. Buffer solutions of both inorganic acid salt and organic acid salt 
can be employed for this purpose. 

The unreacted ester adsorbed on the immobilizing support for the immobilized enzyme or the 

66 immobilized microorganism can be hydrolyzed with alkali at such a pH that does not inactivate the activity 
of the immobilized enzyme or the immobilized microorganism and can hydrolyze the ester. Though such 
pH value varies depending on a kind of the enzyme or that of the microorganism, the hydrolysis with alkali 
is usually carried out at pH 8 to 10. 

8 
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When the reaction of the present invention is carried out in a column process, a buffer solution is 
preferably employed in order to maintain the pH value in the system. The immobilized enzyme or the 
immobilized microorganism is filled in a column and thereto a buffer solution at pH 7.0 is added. Then the 
substrate ester [<R,S)-I] is loaded and thereto the buffer solution is further added to conduct the asymmetric 
5 hydrolysis reaction. The produced hydrophilic compound [II*] is dissolved in the buffer solution and then 
eluted from the column. The fraction of the eluted buffer solution is analyzed with a high performance liquid 
chromatography (Finepak SIL da®, developing solvent: acetonitrile/water — 15/1 (V7V). detector UV 215 
nm). When the compound [N*] can scarcely be detected, a buffer solution at pH 8 to 10 in place of the 
buffer solution at pH 7.0 is added to hydrolyze the unreacted ester [I"] which is adsorbed on the 

io immobilized enzyme or the immobilized microorganism In the column. The produced compound [II*] having 
an opposite optical rotation based on the previously obtained hydrophilic compound [II*] is desorbed from 
the immobilized enzyme or from the immobilized microorganism and then eluted. The fraction of this buffer 
solution is subjected to the high performance liquid chromatography as above. When the compound [II*] can 
scarcely be detected in the fraction, the buffer solution at pH 7.0 In place of the buffer solution at pH 8 to 

75 IO is added to the column and again the substrate ester [(R.S)-fJ is loaded. By repeating the above- 
mentioned processes, it is possible to consecutively conduct the asymmetric hydrolysis of the compound [- 
(R.S)-I], separation of the reaction product and hydrolysis with alkali. 

When the asymmetric hydrolysis reaction of the racemic compound [(R,S)-I] is carried out in a batch 
process using the immobilized enzyme or the immobilized microorganism, a water layer containing 

20 hydrophilic optically active compound [H"J and the immobilized enzyme or the immobilized microorganism, 
to which the unreacted hydrophobic optically active compound [I*] is adsorbed, are separated from each 
other by filtration or moderate centrifugation. The ester adsorbed on the immobilized enzyme or the 
immobilized microorganism is hydrolyzed with an alkaline solution, which is adjusted to pH 8 to 10 in order 
not to inactivate the immobilized enzyme or the immobilized microorganism, or with a buffer solution at pH 

25 8 to 10. The hydrolyzed product is desorbed from the immobilized enzyme or the immobilized microorgan- 
ism to give the optically active compound [IP] having an opposite optical rotation based on the previously 
obtained [II*]. The immobilized enzyme or the immobilized microorganism can be reused in the reaction. 

The pH of the obtained fraction containing indoline-2-carboxylic acid is adjusted to around 5.0 and then 
concentration, crystallization, precipitation and filtration are successively carried out to give indoline-2- 

30 carboxylic acid. Alternatively, after saturating the obtained fraction with ammonium sulfate, the pH of the 
fraction is adjusted to around 5.0 and extraction with an organic solvent such as ethyl acetate or methylene 
chloride Is carried out, followed by concentration to give indoline-2-carboxylic acid. If necessary, crystalliza- 
tion in an organic solvent such as acetone may further be carried out. 

The present invention is more particularly described by the following Examples. However, it should be 

35 understood that the present invention is not limited to the Examples and various changes and modifications 
can be made without departing from the scope and spirit of the present invention. 

Example 1_ 

ao [Synthesis of the substrate] 

(1) Preparation of (R,S)-amyl-indoline-2-car boxy late E(R,S,>-la] 

To a solution of 50 g of (R,S,)-indoline-2-carboxylic acid [(R.S)-li] dissolved In 500 ml of amy! alcohol 
45 was added 100 ml of concentrated hydrochloric acid and a condensation reaction was conducted at 95* to 
100*C for 3 hours. After completion of the reaction, the reaction mixture was cooled and then the pH 
thereof was adjusted to 7.0 with 10 % sodium hydroxide. Excessive amyl alcohol and water were removed 
by concentration under reduced pressure. In the concentrated liquid were contained desired (R,S>-amyl- 
indoline-2-carboxylate E(R,S)-I] and an inorganic salt. To the concentrated liquid was added 1 l of ethyl 
so acetate and the resultant was washed twice with a saturated solution of sodium bicarbonate (2O0 ml x 2), 
followed by concentration of the ethyl acetate layer to give 60.8 g of [(R,S)-la] (yield: 85 %). 

(2) Preparation of (R,S>-butyl-indoline-2-carboxyIate [(R.S)-lb] 

ss To a mixture of 50 g of (R,S)-lndolIne-2-carboxyltc acid [II] and 250 g of butyl alcohol was added 20 ml 

of concentrated sulfuric acid and a condensation reaction was conducted at 95* to 100* C for 3 hours. After 
completion of the reaction, the reaction mixture was cooled and then the pH thereof was adjusted to 7.0 by 
adding sodium bicarbonate and a saturated solution of sodium bicarbonate. The resultant was extracted 



9 



EP O 19T 474 B1 



three timesL with ethyl acetate (500 ml x 3) and an ethyl acetate layer was washed with 100 ml of water, 
followed by dehydration with anhydrous sodium sulfate and further concentration under reduced pressure to 
give 53.8 g of [(R.S)-lb] (yield: 80 %). 

The procedure as above was repeated employing 50 g of (R,S)-lndoline-2-carboxylic acid and five 
5 equivalents of alcohol based on the acid to give the following substrates: 
(R,S)-ethyMndoIine-2-carboxylate [<R,S)-lc] 
(49.3 g, yield; 84 %) 

(R,S)-ethylengIycoMndoline-2-carboxylate f.(R,S)-ld] 
(50.2 g, yield: 79.0 %) 
io (R, S)-g lyce rola-monoc h lorohy dr i n-l nd oline-2-carboxy late 
t(R,S)-le] (45.4 g. yield: 58.0 %) 
(R,S)-g lyce roI-indoline-2-carboxy late [(R.S)-lf] 
(57.7 g, yield: 79 %) 

(R,S)-cyclohexanoHndoline-2-carboxylate [(R.S)-lg] 
is (52.3 g. yield: 69 %) 

(R.S)-benzyl alcohol-indoline-2-carboxylate [(R r SHh3 
(49.7 g, yield: 64.0 %) 

(R,S)-pentanetrioI-indoline-2-carboxyiate [(R.S)-ll] 
(59.5 g, yield: 73.3 %) 
20 (R,S)-dIchloropropanol-indoline-2-carboxylate I(R.S)-lj] 
(28.1 g. yield: 33.4 %) 

(R,S)-cyclohexanediol-indoline-2-carboxylate [(R,S)-lkJ 
(56.4 g, yield: 70.3 %) 

In a purification process of [(R,S)-ld], [(R,S)-le], [(R.S)-lj], t(R,S)-lk] and [(R.S)-lh], methylene chloride 
ss was employed as an extraction solvent in place of ethyl acetate. 

Example 2 

To 100 ml of 0.1 M phosphate buffer (pH 7.0) were added 1 .0 g of Steapsin and 10 g of the substrate 
30 (R,S)-amyl-indoiine-2-carboxyiate [(R.SHa]: 
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40 and the asymmetric hydrolysis reaction was carried out with stirring at 30 " C for 24 hours while adjusting to 
pH 7.0. The reaction mixture was extracted with 100 ml of hexane twice and the hexane layer was 
dehydrated with anhydrous sodium sulfate, followed by concentration under reduced pressure to give 4.7 g 
(yield from [(R.S)-la]: 94 %) of syrup C(S)-la] having a specific rotatory power [a]§ 5 + 5.8" (c — 1.0, 
ethanol). 

AS 1 H NMR (90 MHz)(CDCl 3 ) 5 ppm: 

0.8 to 1.8 (9H. m. CH3CH2CH2CH2-), 3.2 to 3.45 (2H. d, -CHzO-), 4.0 to 4.4 (4H) and 6.45 to 7.05 (4H, m, 
Ar-) 

To 25 ml of 1 N NaOH solution was added 4.7 g of the obtained [(S)-la] and the hydrolysis reaction was 
conducted at room temperature for about 3 hours. After the pH of the reaction mixture was adjusted to 5.0 

so with 1 N hydrochloric acid, the resultant was extracted with 50 ml of ethyl acetate four times, followed by 
dehydration with anhydrous sodium sulfate, concentration under reduced pressure and recrystallization in 
acetone-hexane (5 ml -1 ml) to give 24.5 g (yield from [(R.SH]: 69 %) of (SHndoline-2-car boxy lie acid [(S>- 
II 3 as a white powder having a specific rotatory power [a)g 5 + 32.4* (c = 1.0, dimethylformamlde 
(hereinafter referred to as "DM FA "))(the value described In the literature J. Med. Chem., 26, 394 (1983) Is 

SS [ct]g 5 + 34.5* (c = 1.0, DM FA)). 1 H NMR (90 MHz)(DMSO-d6) S ppm: 

2.85 to 3.45 (2H), 4.10 to 4.35 (1H). 6.40 to 7.05 (4H, m, Aryl) and 7.2 to 9.0 (2H. broad) 

On the other hand, the pH of the water layer after extraction with hexane was adjusted to S.O with 1N 
hydrochloric acid and the resultant was extracted with 1 00 ml of ethyl acetate four times, followed by work- 
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up as in the case of E(S)-H] to give 2.6 g (yield from [(R,S)-Ia]: 74 %> of [(R)-ll] having a specific rotatory 
power £e*]g B - 33.1 " (c => 1 .0, DM FA). 

Examples 3 to 9 

s 

The procedure as in Example 1 was repeated except that different substrates and different enzymes 
were employed. The results are shown In Table 1 . 

In Examples 3, 4, 5, 8 and 9, the ester of (R)-form was asymmetrically hydrolyzed while in Examples 6 
and 7, the ester of (S)-form was asymmetrically hydrolyzed. 
io 'H NMR (90 MHz) data of the substrate (R.S)-butyMndoline-2-carboxyIate [(R,S)-lb] in Example 8 were 

as follows: 

1 H NMR (CDC 1 3 ) S ppm: 0.8 to 1.8 (7H. m, CH 3 CH 2 CH 2 CH 2 -). 3.25 to 3.4 (2H. d, -CH 2 0-), 4.05 to 4.45 
(4H) and 6.55 to 7.1 (4H, m, Ar-) 

1 H NMR (90 MHz) data of the substrate (R,S)-ethyI-indoline-2-car boxy late [(R,S)-Ic] in Example 9 were 
15 as follows: 

1 H NMR (CDCI 3 ) 5 ppm: 1.1 to 1 .4 (3K. t, CHa). 3.2 to 3.4 (2H. d. CH3CH2O-). 4.0 to 4.4 (4H) and 6.55 
to 7.1 (4H, m. Ar-) 

The reaction condition was as follows: 
substrate 10.0 g, enzyme 1.0 g/0.1 M phosphate buffer (pH 7.0) IOO ml, 33* C, stirred with stirrer, reacted 
zq for 24 hours, adjusted to pH 7.0 ... 
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65 Example 10 

A liquid medium having the composition: glucose 4 %, yeast extract 0.3 %, meat extract 0.3 %, 
peptone 0.3 %. ammonium secondary phosphate 0.2 % and potassium primary phosphate 0.1 % (pH 6.8) 
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was prepared. Each 2 l Sakaguchi flask was charged with 400 mi of the liquid medium and sterilized at 
1 20 " C for 1 5 minutes. 

To the above liquid medium was inoculated 10 mi of a liquid medium containing Pseudomonas 
aeruginosa IFO 3080 pre cultured on a liquid medium of the above composition and the resultant was 

s shaken at 30 * C for 24 hours- Five cultures were obtained and the culture liquid made a total of 2 1. The 
culture liquid was centrifuged to collect the cells. The cells were suspended In 20O ml of 0.1 M phosphate 
buffer (pH 7.0) and thereto 2.0 g of the substrate (R,S)-amyl-indoJine-2-carboxylate [(R.S)-la] was added. 
The reaction was conducted in a 500 ml vessel with stirring at 30 *C for 18 hours while adjusting to pH 7.0 
with 1N NaOH solution. After completion of the reaction, a supernatant obtained by centrifugation was 

io extracted with 200 ml of hexane four times, followed by work-up as in Example 1 to give the results as 
shown in Table 2. 

Examples 11 to X4_ 

is Pseudomonas aeruginosa IFO 13130 in Example 11 and Bacillus subtilis in Example 13 were cultured 

as in Example 10. The microorganisms of the genus Aspergillus In Examples 12 and 14- were cultured as in 
Example 10 except that the composition of the liquid medium was glucose 3.0 %. polypeptone 1 .0 %, yeast 
extract 0.5 %, ammonium secondary phosphate 0.2 %, potassium primary phosphate 0.1 % (pH 6.5) and a 
temperature was 28* C. 

20 After culturing the microorganisms, the ceils were collected by centrifugation in case of Pseu dom o n as 

aeruginosa and Bacillus subtilis , by filtration in case of the microorganisms of the genus Aspergillus . The 
collected cells were suspended in 0.1 M phosphate buffer at pH 7.0 and then asymmetric hydrolysis by the 
microorganism, extraction and purification were carried out as in Example 10. The results are shown in 
Table 2. 

25 . The reaction condition was as follows: 

substrate (R,S)-amyl-indoline-2-carboxylate [(R.S)-la] 2.0 g, suspension of the ceils (0.1 M phosphate buffer, 
pH 7.0) 200 ml, 33* C, reacted for 18 hours, adjusted to pH T.O 
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Example 15 

Employing Pseudomonas aeruginosa IFO 3O80. 2 1 of the culture liquid was prepared as in Example 1 0 
and was centrifuged to collect the cells. The collected cells were suspended in 200 ml of 0.1 M phosphate 
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buffer (pH 7.0) and were crushed with Brawn homogenizer with cooling, followed by centrlfugation to give a 
cell-free extract of the enzyme. To the extract of the enzyme was added 1 0 g of the substrate (R.S)-amyl- 
indoline-2-carboxylate [(R.S)-la] and the asymmetric hydrolysis reaction was conducted with stirring at 
30* C for 48 hours while adjusting to pH 7.0 with 1N NaOH solution, followed by extraction and purification 
s as in Example 10 to give 1.9 g of E(R)-il] having a specific rotatory power [<*]g 5 -22.4* (c = 1.0. DM FA) and 
4.2 g of [(S)-la] having a specific rotatory power [ot]g 5 + 3.3 (c — 1 .0, ethanol). 

Example 16 

io To 100 ml of 0.1 M phosphate buffer at pH 7.0 were added 10 g of the substrate (R.S)-glycerol- 

lndoline-2-carboxylate [(R.SHfl: 



75 




ZO 

and 0.2 g of Steapsin. The asymmetric hydrolysis reaction was carried out with stirring at 33 * C for 6 hours 
while adjusting to pH 7.0 with 2N NaOH solution. The reaction mixture was extracted with ethyl acetate 
three times (200 mi x 3) and the ethyl acetate layer was dehydrated with anhydrous sodium sulfate, 
followed by concentration under reduced pressure to give 4.6 g (yield from [(R,S)-lf]: 92 %) of viscous 

25 syrup [(S)-lf] having a specific rotatory power [«]§ 5 + 1 5.2 (c = 1 .0, ethanol). 
1 H NMR (90 MHz)(MeOH d4) S ppm: 
3.2 to 3.45 <2H). 3.5 to 4.7 (9H) and 6.5 to 7.1 (4H, m. Ar-) 

To 4.6 q of the obtained £(S>-[f] was added 30 ml of 0.1 M potassium secondary phosphate and the 
hydrolysis reaction was carried out at 33 * C for 1 hour while adjusting to pH 10 by dropwise addition of 2N 

30 NaOH. Then the pH of the reaction mixture was adjusted to 5.0 with 1N hydrochloric acid and the resultant 
was extracted with ethyl acetate three times (100 ml x 3). followed by dehydration with anhydrous sodium 
sulfate, concentration under reduced pressure and recrystallization in acetone-hexane (5 ml - 1 ml) to give 
2.61 g (yield from C(R.S)-lf]: 76 %) of a white powder of (S)-indoline-2-carboxylic acid [(S)-ll] having a 
specific rotatory power [«1d 5 + 32.5* (c « 1.O. DMFA)(the value described in the literature J. Med. Chem., 

3S 26. 394 (1983) is £«]§ 5 + 34.5*). 

*H NMR (90 MHz)(DMSO-d6) S ppm: 
2.85 to 3.45 (2H), 4.1 0 to 4.35 (1 H) and 6.40 to 7.05 (4H, m, Aryl) 

On the other hand, the pH of the water layer remained after the first extraction with ethyl acetate was 
adjusted to 5.0 with 1N hydrochloric acid and the resultant was extracted with ethyl acetate three times (200 

40 mi x 3), followed by work-up as In the case of [(S)-II] to give 3.02 g (yield from E(R,S)-lf]: 88 %) of [(R)-ll] 
having a specific rotatory power [«] D 3 - 29.2 (c = 1 -O, DMFA). 

Examples 17 to 23 

45 The procedure as in Example 16 was repeated except that different enzymes were employed. The 

results are shown in Table 3. 

In Examples 17, 18, 19. 20 and 21, the ester of (R)-form was asymmetrically hydrolyzed white in 
Examples 22 and 23, the ester of (S)-form was asymmetrically hydrolyzed. 
The reaction condition was as follows: 
so substrate [(R.S)-lf] 10 g, enzyme 0.5 g, O.I M phosphate buffer (pH 7.0) 100 mi, 33* C, stirred with stirrer, 
reacted for 6 hours, adjusted to pH 7.0 
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Examples 24 to 29 

The procedure as in Example 1 6 was repeated except that the enzyme is Steapsln and the substrates 
are esters of (R,S)-indoline-2-carboxylic acid with ethylene glycol [(R.S)-ld], giycerol-«-monochtorohydrin [- 
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(R.S)-le], 2,3-dichloro-I-propanol [(R.S)-lj], 1 ,3,5-pentanetrioI [(RS)-ll], 1 ,4-cyclohexanediol [(R.S)-lk3 and 
benzyl alcohol [(R,S)-lh]. The results are shown In Table 4. 

The reaction condition was as follows: 
substrate 10 g. Steapsin 0.5 g, 0.1 M phosphate buffer (pH 7.0) 100 ml, 33 * C, stirred with stirrer, reacted 
5 for 6 hours, adjusted to pH 7.0 
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Example 30 

A liquid medium having the composition: glucose 4 %', yeast extract 0.3 %, meat extract 0.3 %, 
peptone 0.3 %. ammonium secondary phosphate 0.2 % and potassium primary phosphate 0.1 % (pH 6.8) 
s was prepared. Each 2 I sakaguchi flask was charged with 400 ml of the liquid medium and sterilized at 
1 20 * C for 1 5 minutes. 

To the above liquid medium was inoculated 10 ml of a liquid medium containing Pseudomonas 
aeruginosa IFO 3080 precultured on a liquid medium of the above composition and the resultant was 
shaken at 30* C for 24 hours. Five cultures were obtained and the culture liquid made a total of 2 1. The 

to culture liquid was centrifuged to collect the cells. The cells were suspended in 200 ml of 0.1 M phosphate 
buffer (pH 7.0) and thereto 2.0 g of the substrate (R,S>-glycerol-lndoline-2-carboxylate [(R,S>-lf] was added. 
The reaction was conducted in a 500 ml vessel with stirring at 30 "C for 18 hours while adjusting to pH 7.0 
with 1N NaOH solution. After completion of the reaction, a supernatant obtained by centrifugation was 
extracted with 200 ml of hexane four times, followed by work-up as in Example 16 to give the results as 

ig shown in Table 5. 

Examples 31 to 35 

Pseudomonas aeruginosa IFO 13130 in Example 31 and Bacillus subtills in Example 33 were cultured 
20 as in Example 30. The microorganisms of the genus Aspergillus In Examples 32 and 34 were cultured as in 
Example 30 except that the composition of the liquid medium was glucose 3.0 %. polypeptone 1.0 %, yeast 
extract 0.5 %. ammonium secondary phosphate 0.2 %. potassium primary phosphate 0.1 % (pH 6.5) and a 
temperature was 28 * C. 

After culturing the microorganisms, the cells were collected by centrifugation in case of Pseudomonas 
as aeruginosa and Bacillus subtilis . by filtration In case of the microorganisms of the genus Aspergillus . The 
collected cells were suspended in 0.1 M phosphate buffer at pH 7.0 and then asymmetric hydrolysis by the 
microorganism, extraction and purification were carried out as in Example 30. The results are shown in 
Table 5. 

The reaction condition was as follows: 
30 substrate (R,S)-glycerol-indoline-2-carboxylate {(R,S)-lfJ 2.0 g, suspension of the cells (0.1 M phosphate 
buffer, pH 7.0) 200 ml, 33 " C, reacted for 1 8 hours, adjusted to pH 7.0 
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Example 36 

A liquid medium having the composition: glucose 4 %, yeast extract 0.3 %. meat extract 0.3 %. 
peptone 0.3 %, ammonium secondary phosphate 0-2 % and potassium primary phosphate 0.1 % (pH 6.8) 
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was prepared. Each 2 l SakaguchI flask was charged with 400 ml of the liquid medium and sterilized at 
120* C for 15 minutes. 

To the above liquid medium was inoculated 1 0 ml of a liquid medium containing Arthrobacter nicotlanea 
IFO 14234 precultured on a liquid medium of the above composition and the resultant was shaken at 30 C 
s for 24 hours. Five cultures were obtained and the culture liquid made a total of 2 JL. The culture liquid was 
centrifuged to collect the cells. The ceils were suspended in 200 ml of 0.1 M phosphate buffer <pH 7.0) and 
thereto 6.0 g of the substrate (R,S)-glycerol-lndoline-2-carboxylate [(R.S)-lf] was added. The reaction was 
conducted In a 500 ml vessel with stirring at 30 "C for 18 hours while adjusting to pH 7.0 with IN NaOH 
solution. After completion of the reaction, a supernatant obtained by centrifugation was extracted with ethyl 
70 acetate four times (200 m x 4) and the ethyl acetate layer was dehydrated with anhydrous sodium sulfate, 
followed by concentration under reduced pressure to give 2.53 g (yield from [(R,S)-lf]: 84 %) of a viscous 
syrup [(S)-lf] having a specific rotatory power [«3§ 5 -*■ 14.2" (c = 1.0, ethanol). 

1 H NMR (90 MHz)(MeOH d4) S ppm: 3.2 to 3.45 (2H). 3.5 to 4.7 (9H) and 6.5 to 7.1 (4H. m, Ar-) 

To 2.53 g of the obtained [(S)-lf] was added 20 ml of 0.1 M potassium secondary phosphate and the 
is hydrolysis reaction was carried out at 33 * C for 1 hour while adjusting to pH 10 by dropwise addition of 2N 
NaOH. Then the pH of the reaction mixture was adjusted to 5.0 with 1N hydrochloric acid and the resultant 
was extracted with ethyl acetate three times (100 ml x 3), followed by dehydration with anhydrous sodium 
sulfate, concentration under reduced pressure and recrystailization In acetone-hexane (5 ml - 1 ml) to give 
1.39 g (yield from [(R.S)-lf]: 67 %) of a white powder (S)-indoHne-2-carboxylic acid E(S)-II] having a specific 
20 rotatory power [«]o 5 + 34.5* (c = 1.O. DIS/IFA)(the value described in the literature J. Med. Chem., 26, 394 
(1983) is [«]g 5 + 34.5* ). 

1 H NMR (90 MHz)(DMSO-d6) 5 ppm: 
2.85 to 3.45 (2H). 4.10 to 4.35 (1 H) and 6.40 to 7.05 (4H. m, Aryl) 

On the other hand, the pH of the water layer remained after the first extraction with ethyl acetate was 
25 adjusted to 5.0 with 1 N hydrochloric acid and the resultant was extracted with ethyl acetate three times (200 
ml x 3), followed by work-up as in the case of [(S)-ll] to give 1.58 g (yield from [(R.S)-tf3: 77 %) of [(R)-ll] 
having a specific rotatory power [«J§ S - 24.7* (c = 1.0, DM FA). 

Example 37 

30 

The asymmetric hydrolysis reaction with microorganism, extraction and purification as in Example 36 
were carried out employing the strain Alcali genes faecalis IFO 12669 and the racemic substrate (R,S)-amyl- 
indoline-2-carboxylate acid [(R.SHaJ. The asymmetric hydrolysis reaction was conducted for 24 hours to 
give 2.77 g (yield from [(R.S)-laj: 92 %) of [(R)-la] having a specific rotatory power [<*]§ 5 -5.4" (c = 1.0, 
35 ethanol), which was further hydrolyzed with alkali to give 159 g (yield from [(R,S)-la]: 76 %) of E(R)-"3 having 
a specific rotatory power [«]g 5 - 33.1 * (c - 1.0, DMFA). On the other hand, 1.32 g (yield from [(R,S)-la3: 63 
%) of [(S)-II3 was obtained and had a specific rotatory power [«]o s 26.8* (c = 1.0, DMFA). 

Examples 38 to 47 

AO 

The procedure as in Example 36 was repeated except that various strains of the microorganism and the 
racemic substrate (R,S)-©thylene glycol-indoline-2-carboxylate [(R.SHd] were employed. The results are 
shown in Table 6. 

In Examples 38, 39, 40, 41 and 42. the ester of (R)-form was asymmetrically hydrolyzed while In 
4S Examples 43, 44, 45, 46 and 47, the ester of (S)-form was asymetricaily hydrolyzed. 
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Examples 48 to 67 

The culture as in Example 36 was carried out employing various strains of the microorganism, the 
culture medium having the composition: glucose 3.0 %, pofypeptone 1.0 %, yeast extract 0.5 %, 
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ammonium secondary phosphate 0.2 %, potassium primary phosphate 0.1 % <pH 6.5) and a temperature of 
28" C. 

After culturing the microorganism, the cells were collected by filtration and the collected cells were 
suspended in 0.1 M phosphate buffer at pH 7.0. followed by the asymmetric hydrolysis of (R.S)-glycerol- 
5 indoline-2-carboxylate [(R.S)-lf], extraction and purification as in Example 36 to give the results as shown in 
Table 7. 

The strains of the microorganism in Examples 48 to 65 hydrolyzed the ester of (S)-form while those in 
Examples 66 and 67 hydrolyzed the ester of (R)-form._ 
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Examples 68 to 72 

As in Example 36, the culture of the microorganism and the asymmetric hydrolysis reaction were 
carried out. The results are shown in Table 8. 

The strains of the microorganism in every Examples 68 to 72 hydrolyzed the ester of (S)-form. 
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Example 73 

To 60 ml of 0.1 M phosphate buffer at pH 7.0 was added 3 g of Actinase E® (derived from 
Streptomyoes grlseus , made by Kaken Pharmaceutical Co.) and the mixture was filtered to remove 
insoluble material. To the filtrate was added 60 g wet weight (water content: 71 %) of a porous methacrylate 



25 



EP O 197 474 B1 



adsorbent Amberlite XAD-7® (made by Rohm & Haas Co.) washed with methanol and water and the 
resultant was slowly stirred at a low temperature (4* C) for a night so that the enzyme was Immobilized on 
the adsorbent by adsorption. The immobilized enzyme suspension was filtered by suction with glass filter, 
followed by washing with 0.1 M phosphate buffer three times (100 ml x 3) and filtration by suction to give 

5 wet immobilized enzyme. This immobilized lipase was filled in a column (inner diameter: 2.2 cm, length: 15 
cm), to which 5 g of racemic ester (R.S)-ethylene glycoI-indoline-2-carboxylate [(R.S)-ld] was loaded while 
keeping at 33* C and 0.1 M phosphate buffer at pH 7.0 was passed through the column at a flow rate of 20 
m!/h. Each 20 ml of a liquid eiuted from the column was taken with a fraction collector and subjected to a 
liquid chromatography analysis. Only hydrophilic lndoline-2-carboxylic acid produced by the asymmetric 

io hydrolysis was contained in the fraction of phosphate buffer. 360 ml of the fraction of phosphate buffer was 
saturated with ammonium sulfate and the resultant was adjusted to pH 5.0, to which an equivalent amount 
of ethyl acetate was added, followed by extraction of indollne-2-car boxy lie acid three times, dehydration, 
concentration under reduced pressure, recrystallization from acetone-hexane (8 ml - 2 ml) and drying in 
vacuo to give 1 .51 g (yield from [(R.S)-ld]: 77 %) of (R)-indoline-2-carboxylic acid C(R)-H] having a specific 

ts rotatory power [<*3o 5 - 30.5* (c — 1.0, DMFA) (the value described in the literature J. Med. Chem., 26, 394 
(1983) Is [«]§ 5 + 34.5* (c = 1.0, DMFA)) as a white powder. After passing 400 ml of the phosphate buffer, 
0.1 M K2HPO+ - NaOH solution at pH 10.0 in place of the phosphate buffer was passed through the column 
at a flow rate of 40 ml/h so as to hydrolyze the unreacted ester (R.S)-ethylene glycolindoline-2-carboxylate 
l(R,S)-ld] adsorbed on the immobilized enzyme support in the column, and then [II] was desorbed from the 

20 support and eiuted. After 300 ml of the alkaline buffer fraction containing [II] was adjusted to pH 5.0 with 2N 
hydrochloric acid, the resultant was extracted with an equivalent amount of ethyl acetate three times, 
followed by dehydration, concentration under reduced pressure and recrystallization from acetone-hexane (6 
mi - 1.5 ml) to give 1.34 g (yield from f(R,S)-ld3: 68 %) of (S)-indoline-2-carboxylIc acid [(SHI] having a 
specific rotatory power [o]| e + 32.7* (c = 1.0. DMFA) as a white powder. 

25 In the above processes employing the buffer solutions at pH 7.0 and at pH 10.0, desorption of the 

enzyme was not observed. 

Example 74 

ao After passing 50 ml of O.I M phosphate buffer at pH 7.0 through the column employed in Example 73 

in which immobilized Actinase E® is filled, 5 g of racemic ethylene glycol-indoline-2-carboxyiate £(R,S)-ld] 
was loaded on the column and the asymmetric hydrolysis reaction was carried out at pH 7.0, followed by 
elution of produced carboxylic acid, alkaline hydrolysis of the ester adsorbed on the column, desorption and 
elution of carboxylic acid. A series of the above reactions and the elution procedures were repeated 10 

35 times and in every course each fraction of the phosphate buffer at pH 7.0 and fraction of the phosphate 
buffer at pH 10.0 were treated as in Example 73. As the result, each fraction of the phosphate buffer at pH 
7.0 gave (R)-indoline-2-carboxylic acid t(RHI] having a specific rotatory power [«]§ a ranging from -29.5 to 
-30.9 " (c = 1 .0, DMFA) with a yield ranging from 1 .40 to 1 .56 g (yield from [(R,S) - Id]: 71 to 79 %). Each 
fraction of the phosphate buffer at pH 10.0 gave (S)-indoline-2-carboxyIic acid [(S)-!!] having a specific 

to rotatory power [cr]o 3 ranging from + 30.3 to + 32.2° (c = 1.0, DMFA) with a yield ranging from 1.28 to 
1 .35 g (yield from f(R.S)-ld]: 65 to 69 %). 

Examples 75 to 80 

as The procedure of Example 73 was repeated employing different substrate esters and different supports 

for immobilizing the enzyme to give the results as shown in Table 9. In every Example, 5 g of the substrate 
was loaded. 
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Examples 81 to 85 

The procedure as In Example 73 was repeated employing different enzymes and the substrate ethylene 
glycol-indoline-2-carboxylate [(R.S)-ld] to give the results as shown in Table 10. In Examples 83 and 84, a 



27 



EP O 197 474 B1 



buffer at pH 9.0 was employed for hydrolyzing the ester. In Examples 81 to 84, the ester of (R)-form was 
hydrolyzed while In Example 85. the ester of <S)-form was hydrolyzed. 

Table IP 

Indoline-2-carboxylic acid [11*3 
Ex. Enzyme <R>-form <S>-form 



70 








[cc]25 ( C «1.0, 


DMFA) 


, yield (g) 




Bl 


Biopla.se 
AL-15 




-23. 1°, 


1.41 


+24 


.7°, 


1.35 


75 


82 


Protease 
Amano P (*2) 




-23.6°, 


1 .02 


+19 


.7°, 


1-53 


20 


83 


Pancreatic 
digesting 
enzyme ( * 3 ) 




-21.5°, 


1.23 


+2 2 




1.14 




84 


Steapsin 
WaJco Pureche 
Indus tr i es , 


uni ca 1 
Ltd. 


-26.7°, 
(*4> 


1.35 


+2 9 




1.07 


35 


85 


Lipase 
AP-6 (*5> 




-23.9°, 


1.38 


+2 0 


.4°, 


1.47 



Notes ( *1 ) origins Bacillus subtilis , made by Nagase & 
company, Ltd. 

(*2) origins Aspergillus roelleus , made by Amano 

Pharmaceutical Co. 
( * 3 ) made by Amano Pharmaceutical Co. 
{ *4 > from bog pancrea , made by Wako Purechemical 

Industries, Ltd. 
C *5 ) origin s Aspergillus niger r made by Amano 

Pharmaceutical Co. 



Example 86 

as A liquid medium having the composition: glucose 4 %, yeast extract 0.3 %, meat extract 0.3 %, 

peptone 0.3 %, ammonium secondary phosphate 0.2 % and potassium primary phosphate 0.1 % <pH 6.8) 
was prepared. Each 2 l Sakaguchi flask was charged with 400 ml of the liquid medium and sterilized at 
120* C for 15 minutes. 

To the above liquid medium was inoculated 10 mi of a liquid medium containing Pseudomonas 
so acidovorans 1FO 13582 precultured on a liquid medium of the above composition and the resultant was 
shaken at 30 " C for 24 hours. Five cultures were obtained and the culture liquid made a total of 2 l. The 
culture liquid was centrifuged to collect the cells, in 40 ml of 20 m M phosphate buffer (pH T.O) 20 g of the 
wet cells were suspended and thereto 20 g of Lire than prepolymer PU-3 (made by Toyo Tire and Rubber 
Co., Ltd.) was added. The mixture was qulckiy stirred at 40* C and then immediately cooled to 4*C to be 
65 allowed to stand for 30 minutes. The thus obtained immobilized microorganism was cut into about 2x2x2 
mm and was filled into the column (inner diameter: 2.2 cm, length: 15 cm), which was kept at 33* C. After 
passing 50 ml of 0.1 M phosphate buffer at pH 7.0 through the column, 4 g of the substrate glyceroi- 
indollne-2-carboxylate [(R.S)-K3 was loaded. The asymmetric hydrolysis reaction was carried out by passing 



28 



EPO 197 4T4 B1 



0.1 M phosphate buffer at pH 7.0 through the column at a flow rate of 1 5 ml/h and each 20 ml of the eluate 
was collected from the column with a fraction collector, which was then subjected to a liquid chromatog- 
raphy analysis. In this phosphate buffer fraction, only hydrophillc lndoline-2-car boxy lie acid was contained. 
3O0 ml of the phosphate buffer fraction was saturated with ammonium sulfate and the pH of the mixture was 
adjusted to 5.O. followed by extraction of indoline-2-carboxylic acid with an equivalent amount of ethyl 
acetate three times. The obtained ethyl acetate layer was dehydrated and concentrated under reduced 
pressure, followed by recrystallization in acetone-hexane (5 ml • 1 mi). After dryness in vacuum, 1.05 g of 
<S)-indoHne-2-carboxylic acid [<S)-II] having a specific rotatory power [m]g 5 + 23.7" (c = 1.0, DMFA) was 
obtained. 

After passing 340 ml of the phosphate buffer through the column. 0.1 M K 2 HPO*-NaOH buffer at pH 9.5 
in place of the previous buffer was passed through the column at a flow rate of 40 mt/min to hydrolyze the 
unreacted ester glycerol-indoline-2-carboxylate [<RHf] to give (R)-indoline-carboxylic acid [<R)-nj. which was 
desorbed and eluted. 300 ml of the alkaline buffer containing [(R)-ll] was treated as in Example 73 to give 
0.94 g of (R)-indoline-2-carboxyIic acid [(R)-HJ having a specific rotatory power [«]g s - 29.2* (c - 1.0, 
DMFA) as a white powder. 

Examples 87 to 90 

The culture, the immobilization, the asymmetric hydrolysis and the separation procedures as In 
Example 86 were carried out employing different strains of the microorganism to give the results as shown 
in Table 11. As the substrate, 4 g of [<R,S)-!d] was loaded. 

In Examples 87 and 88, the strains of the microorganism hydrolyzed stereo- specifically the ester of (R)- 
form while in Examples 89 and 90. the strains of the microorganism hydrolyzed the ester of <S)-form. 
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Example 91 

After adding 10 g of lipase (Steapsln® made by Wako Purechemicat Industries. Ltd.) having (R)- 
selectlve esterase activity to 100 ml of 0.1 M phosphate buffer at pH 7.0. a mixture was stirred and the 
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insoluble material was removed. To the filtrate was added 60 g wet weight (containing 71 % of water) of the 
methacrylate porous adsorbent Amberlite XAD-7®(made by Rohm &. Haas Co.). which was washed with 
methanol and then with water, and a mixture was slowly stirred In a cold room (4 * C) for a night to 
immobilize the enzyme on the support by adsorption. The suspension containing the immobilized enzyme 
s was filtered with suction by means of glass filter and the filtrate was washed with 0.1 M phosphate buffer at 
pH 7.0 three times (10O ml x 3), followed by filtration with suction to give the wet immobilized enzyme. The 
obtained immobilized lipase was filled in the column (inner diameter: 2.2 cm, length: 15 cm), which was 
kept at 33* C. On the column was loaded 5 g of racemic amyl-indoline-2-carboxylate [(R.S)-la] and 0.1 M 
phosphate buffer at pH 7.0 was passed through the column at a flow rate of 6 ml/h. Each 12 ml of the 

io eluate collected from the column by a fraction collector was subjected to a liquid chromatography analysis. 
Only hydrophiilc indoline-2-carboxylic acid produced by the asymmetric hydrolysis was contained. 180 ml 
of the phosphate buffer fraction was saturated with ammonium sulfate and the pH of the mixture was 
adjusted to 5.0, followed by extraction of indoline-2-carboxylic acid with an equivalent amount of ethyl 
acetate three times. The obtained ethyl acetate layer was dehydrated and concentrated under reduced 

is pressure, followed by recrystallization in acetone-hexane (5 ml -1 ml). After dryness in vacuum, 1.26 g of 
(R)-indoline-2-carboxyllc acid t(R)-il] having a specific rotatory power [«]o S - 32.5* (c = 1.O. DM FA) (the 
value described in the literature J. Med. Chem. 26, 394 <1983) by D. H. Kim et af. is [«]| 5 + 34 5* (c = 
0.91, DMFA) was obtained as a white powder. 

After passing 180 ml of the phosphate buffer through the column, hex an e in place of the phosphate 

so buffer was passed through the column at a flow rate of 1 .0 ml/min to elute unreacted hydrophobic amyl- 
indoIine-2-carboxylate adsorbed on the support for the immobilized enzyme in the column. Each 10 ml of 
the eluate hexane solution was collected by a fraction collector and 90 ml of the fraction containing amyi- 
indoIine-2-carboxylate was concentrated to give 2.38 g of syrup [(S)-la] (yield from [(R.S)-iaj: 95 %) having 
a specific rotatory power [ajg 5 + 5.6 (c = 1 .0, ethanol). To 2.38 g of the obtained [(S)-ta] was added 1 5 

25 ml of 1 N sodium hydroxide and the hydrolysis reaction was carried out at room temperature for about 3 
hours. After adjusting the pH of the reaction mixture to 5.0 with 1 N hydrochloric acid, extraction was made 
with ethyl acetate four times (15 ml x 4), followed by dehydration with anhydrous sodium sulfate, 
concentration under reduced pressure and recrystallization in acetone-hexane (5 ml -1 ml) to give 1 .23 g 
(yield from £(R,S)-la]: 70 %) of (S)-indoline-2-carboxylic acid C(S)-ll] having a specific rotatory power [a]§ s + 

30 33.9 (c = 1 .0, DMFA) as a white powder. In the above elution procedures with the phosphate buffer and 
with hexane, the desorption of the enzyme was not observed. 

Example 92 

35 After passing 50 ml of 0.1 M phosphate buffer at pH 7.0 through the column employed in Example 91 

in which immobilized Steapsln ® is filled, 5 g of racemic amyl-indoline-2-carboxylate [(R.SHa] was loaded 
on the column, followed by the hydrolysis reaction with the phosphate buffer, elution of produced carboxylic 
acid and elution of the unreacted ester with hexane as in Example 91 . A series of the above reactions and 
the elution procedures were repeated 20 times and in every course each fraction of the phosphate buffer 

4o and fraction of the hexane eluate were treated as in Example 91. As the result, each fraction of the 
phosphate buffer gave (R)-indoline-2-carboxylic acid {(R)-ll] having a specific rotatory power t«]§ 5 ranging 
from 31.9 to 33.1 " (c = 1 .0, DMFA) with a yield ranging from 1.21 to 1.27 g (yield from [(R.S)-la]: 69 to 73 
%). Each fraction of the hexane eluate gave (S)-indoline-2-carboxylic acid t(S)-llj having a specific rotatory 
power [«]g s ranging from +32.2 to +34.1 (c = 1.0, DMFA) with a yield ranging from 1.18 to 1.24 g (yield 

+s from £(R,S)-la]: 68 to 71 %). 

Example 93 

Lipoprotein lipase Amano 3®(LPL) having (S)-selective esterase activity In place of Steapsin was 
so Immobilized on Amberlite XAD-7®as in Example 91 . The immobilized LPL was filled in the column (inner 
diameter: 2.2 cm, length: 15 cm), followed by work-up as in Examples 91 and 92. The asymmetric 
hydrolysis of amyl-indollne-2-carboxylate [(R.S)-la] and the separation of the product were repeated 10 
times. As the result, each phosphate buffer fraction gave (SH^ d oiine-2-carboxyllc acid [(S)-ll] having a 
specific rotatory power [«]d 5 ranging from + 1 9.8 to + 22.3 (c 88 1 .0, DMFA) with a yield ranging from 
ss 1.26 to 1.32 g (yield from [(R,S)-la]: 72 to 76 %). Each fraction of the hexane eluate gave (R)-lndollne-2- 
carboxylic acid [(R)-ll] having a specific rotatory power [otlg 5 ranging from -25.1 to -27.5* (c = 1.0, DMFA) 
with a yield ranging from 1 .03 to 1.1 1 g (yield from l(R,S)-la]: 59 to 64 %). 
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Examples 94 to 97 

The procedure as in Exampfe 91 was repeated employing different enzymes and substrates to give the 
results as shown in Table 12. In every Example. 5 g of the substrate was loaded. 
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Example 98 

Immobilized lipase (Steapsin) was prepared as in Example 91 employing synthetic adsorbent Diaion 
HP© 2MG (made by MITSUBISHI CHEMICAL INDUSTRIES LTD.) in place of Amberlite XAD-7. The 

s immobilized lipase was filled In the column (inn© 1 * diameter: 2.2 cm, length: 15 cm) and 5 g of amyl- 
indoline-2-carboxyiate [(R.S)-la] was loaded on the column, followed by asymmetric hydrolysis and 
separation of the product as in Example 91 . As the result, the fraction of the phosphate buffer gave 1 .25 g 
of (RHndoline-2-carboxylic acid [(R)-ll] having a specific rotatory power t«J§ 5 - 32.7* (c = 1.O. DM FA) while 
the fraction of the hexane eluate gave 1.17 g of (S)-indoline-2-carboxylic acid [(S)-ll] having a specific 

70 rotatory power [«]g e + 33.5 ' (c = 1 .0, DM FA) 

Example 99 

A liquid medium having the composition: glucose 4 %, yeast extract 0.3 %, meat extract 0.3 %, 
75 peptone 0.3 %, ammonium secondary phosphate 0.2 % and potassium primary phosphate 0.1 % (pH 6.8) 
was prepared. Each 2 1 Sakaguchf flask was charged with 400 ml of the liquid medium and sterilized at 
1 20 * C for 1 5 minutes. 

To the above liquid medium was inoculated 10 ml of a liquid medium containing Pseudomo n as 
aeruginosa IFO 3080 precultured on a liquid medium of the above com position and the resultant was 

so shaken at 30* C for 24 hours. Five cultures were obtained and the culture liquid made a total of 2 I. The 
culture liquid was centrifuged to collect the cells. In 40 ml of 20m M phosphate buffer (pH 7.0) was 
suspended 20 g of the wet cells and thereto 20 g of urethan prepolymer PU-3 (made by Toyo Tire and 
Rubber Co.. Ltd.) was added. The mixture was quickly stirred at 40 *C and then cooled to 4* C to be 
allowed to stand for 30 minutes. The thus obtained immobilized microorganism was cut into about 2x2x2 

25 mm and was filled in the column (inner diameter: 2.2 cm, length: 15 cm), which was kept at 33* C. After 
passing 50 ml of 0.1 M phosphate buffer at pH 7.0 through the column, 4 g of the substrate amyl-indoline-2- 
carboxylate [(R,S)-la3 was loaded. The asymmetric hydrolysis reaction was carried out by passing 0.1 M 
phosphate buffer at pH 7.0 through the column at a flow rate of 4 ml/h and each 12 ml of the eluate was 
collected from the column with a fraction collector, which was then subjected to a liquid chromatography 

30 analysis. In this fraction, only hydrophilic indoline-2-carboxylic acid produced was contained. 180 ml of the 
phosphate buffer fraction was saturated with ammonium sulfate and the pH of the mixture was adjusted to 
5.0, followed by extraction of indoline-2-carboxylic acid with an equivalent amount of ethyl acetate three 
times. The obtained ethyl acetate layer was dehydrated and concentrated under reduced pressure, followed 
by recrystallization in acetone- hexane (5 ml - 1 ml). After dryness in vacuum, 0.89 g of (S)-indollne-2- 

35 carboxylic acid l(S)-ll] having a specific rotatory power [«3§ 5 + 23.7* (c = 1-0, DM FA) was obtained. 

After passing 180 ml of the phosphate buffer through the column, hexane in place of the phosphate 
buffer was passed through tile column at a flow rate of 1.0 ml/mln to elute amyl-indoline-2-carboxylate t(R)- 
la] adsorbed on the immobilized enzyme support in the column. Each 10 ml of hexane solution was 
collected with a fraction collector and 80 ml of the fraction containing amy Mndoline-2-car boxy late was 

ao concentrated to give 1.15 g of (R)-amyl-indoline-2-carboxy!ate [(RHa] having a specific rotatory power [ot]g 5 
- 3.9 * (c — 1 .0, ethanoi) as a syrup. 

To 1.15 g of the obtained [(R)-la] was added 10 ml of 1 N sodium hydroxide and the hydrolysis reaction 
was carried out at room temperature for about 3 hours. After adjusting the pH of the reaction mixture to 5.0 
with 1 N hydrochloric acid, extraction was made with ethyl acetate four times (10 ml x 4), followed by 

45 dehydration, concentration under reduced pressure and recrystallization in acetone-hexane (2.5 ml - 0.5 ml) 
to give 0.58 g of (R)-indoline-2-carboxyiic acid l(R)-ll] having a specific rotatory power [orJ§° - 21 .7* (c = 
1.0, DM FA). - 

Examples 1Q0 and 1Q1 

so 

The immobiiization, the asymmetric hydrolysis and the separation of the product were carried out as in 
Example 99 employing different strains of the microorganism to give the results as shown in Table 13. As 
the substrate, 4 g of [(R,S)-la] was loaded. 

66 
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65 Claims 

1. A process for preparing (R)-!ndoline-2-carboxylic acid having the formula [<R)-H]: 
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2. 
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4. 

so 5. 
6. 

65 7. 



by an optical resolution, which comprises subjecting a racemic ester of (R,S)-indoline-2-carboxylic acid 
having the general formula [(R.S)-!]: 



wherein R is an alkyi or alkenyl group having 1 to 10 carbon atoms; an aikyl or alkenyl group having 1 
to 10 carbon atoms substituted with either hydroxyl group or a halogen atom, or simultaneously 
substituted with both hydroxyl group and a halogen atom; a substituted or unsubstituted aromatic 
hydrocarbon group; or substituted or unsubstituted phenyl or benzyl group, to the action of an enzyme 
or a microorganism having a stereo-selective esterase activity so as to optically resolve the racemic 
ester [(R.S)-l] into optically active (R)-lndoline-2-carboxylic acid [(RHI] and an ester of (S)-Indoline-2- 
carboxylic acid having the general formula [<S>-I]: 



wherein R is as above, and then isolating each optically active product. 

The process of Claim 1. wherein the microorganism is that of the genus selected from the group 
consisting of Streptomyces . Saccharomy ces . Trichosporon , Aeromonas , Arthrobacter . Acldiphllium , 
Brevi bacterl um . Corynebacterium and Pseudomonas or the enzyme is that derived from any of these 
microorganisms. " """ 

The process of Claim 1 or 2, wherein the microorganism is Aspergillus melleus . Bacillus subtiiis , 
Streptomyces griseus . Saccharomyces cerevisiae , Trichosporon cutaneum , Aeromonas hydrophila , 
Arthrobacter paraffineus , Arthrobacter nicotianae , Acidiphilium cryptum. Brevibacterium protophorm iae , 
Corynebacterium paurometabolum , Corynebacterium acetoacidoph i lum or Pseudomonas oxalacticus , or 
the enzyme is that derived from any of these microorganisms. 

The process of Claim 1, 2 or 3, wherein the enzyme is Protease Amano P®, Bioplase®AL 15 or 
Actinase E®. 

The process of Claim 1 . wherein the enzyme is that derived from mammalian pancreas 

The process of Claim 5, wherein the enzyme is Pancreatic digesting enzyme TA®, Steapsln® or 
Lipase® L 321 6. 

A process for preparing (S)-indoline-2-carboxylic acid having the formula [(S)-1IJ: 
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<S) — 




*COOH 



C <S)-II1 



by an optical resolution, which comprises subjecting a racemic ester of (R.SHndoline-^-carboxylic acid 
having the general formula [(R,S)-I]: 



wherein R is an alkyl or alkenyl group having 1 to 10 carbon atoms; an alky i or alkenyl group having 1 
to lO carbon atoms substituted with either hydroxyl group or a halogen atom, or simultaneously 
substituted with both hydroxyl group and a halogen atom; a substituted or unsubstituted aromatic 
hydrocarbon group; or substituted or unsubstituted phenyl or benzyl group, to the action of an enzyme 
or a microorganism having a stereo-selective esterase activity so as to optically resolve the racemic 
ester t(R,S)-l] into optically active (S)-indoiine-2-carboxylic acid [(S)-(f] and an ester of (R)-indoline-2- 
carboxylic acid having the genera! formula E(R)-I]: 



wherein R is as above, and then isolating each optically active product. 

8. The process of Claim 7, wherein the microorganism is that of the genus selected from the group 
consisting of Arthrinlum . Aspergillus, Cephalosporium , Echlnopodospora, Emericellopsis , Hypocrea . 
Isaria , Lepista , Nectria . Pestalotiopsis , Phialophora , Podospora, Botryoascus , Candida . Citeromyces , 
Pebaryomyces, Hormoascus , Moniliella, Kluyveromyces . Nadsonia , Rhodotorula , Schizosac- 
charomyces, Torulopsis , Wicker hamia , Alcaligenes , Arthrobacter . Brevi bacterium . Protaminobacter and 
Pseudomonas or the enzyme is that derived from any of these microorganisms. 

9- The process of Claim 7 or 8, wherein the microorganism is Arthrinium phaeosperm um , Aspergillus 
ficuurn , Cephalosporium mycophilum , Echinopodospora Jamaicensis . Emericellopsis glabra~Hypocrea 
lactea , Isaria atypicola , Lepista nuda , Nectria flammea , Pestalotiopsis distlncta , Phialophora fastigiasta . 
Podospora carbonatia , Botryoascus synnaedendrus , Candida diversa , Candida pseudotropicalis . 
Citeromyces matritensis , Debary om y ces hansenii , Hormoascus platypodls , Monilieila tomentosa , 
Kluyveromyces fragllls , Nadsonia elongata . Rhodotorula glutinis^ Schlzosaccharomyces pombe , 
Torulppsis gropengiesseri , Wickerhamia fluorescens , Alcaligenes faecalis , Arthrobacter crystallopoietes , 
Brevibaclerium flavum , Protami nobacter alboflavus or Pseudomonas acidovorans , or the emzyme is 
that derived from any of these microorganisms. 

10. The process of Claim 7 wherein the enzyme is Lipoprotein lipase or Lipase AP 6®, 

11. A process for preparing optically active indoline-2-carboxyllc acid having the formula [11*]: 
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[II* ] 



which comprises contacting a racemic ester of (R.S)indoHne-2-carboxylic acid having the general 
to formula [(R.S)-!]: 



75 




E (R,S)-IJ 



20 wherein R is an aikyl or aikenyl group having 1 to 10 carbon atoms; an alkyl or alkenyl group having 1 

to 10 carbon atoms substituted with either hydroxy! group or a halogen atom, or simultaneously 
substituted with both hydroxyl group and a halogen atom; a substituted or unsubstituted aromatic 
hydrocarbon group; or substituted or unsubstituted phenyl or benzyl group, with an immobilized 
enzyme or microorganism having a stereo-selective esterase activity which Is immobilized on a 

25 hydrophobic support so as to opticaliy resolve the racemic ester [<R,S)-I] into optically active indoline-2- 

carboxylic acid [II"] and an optically active ester of indoline-2-carboxylic acid having the general formula 
EH: 



30 




CI* 3 



35 

wherein R is as above, e luting hydrophilic indoline-2-carboxylic acid f1P] with water or a buffer solution, 
and then hydrolyzing with alkali the optically active ester of indoiine~2~carboxylic acid [1*3 which is 
adsorbed and retained on an im mobilizing support to elute the optically active indoline-2-carboxylic acid 
40 £11*3 having an opposite optical rotation based on the previously obtained indoline-2-car boxy lie acid [IP]- 



12. The process of Claim 11, wherein the hydrophobic support for Immobilizing the enzyme or microorgan- 
ism is a synthetic adsorbent, a hydrophobic resin for chromatography, a hydrophobic photo induced 
crosslinked-resin or a macromolecule material in which a hydrophobic group is introduced by a 

as chemical bonding. 

13. The process of Claim 11 or 12, wherein the asymmetric hydrolysis is carried out with the immobilized 
enzyme or microorganism filled in a column. 

so 14. The process of Claim 11 or 12, wherein the asymmetric hydrolysis is carried out in a batch process. 

15. The process of Claim 11, 12, 13 or 14, wherein the microorganism is that having (R)-selective esterase 
activity of the genus selected from the group consisting of Streptomyces , Saccharomyces , Tricosporon , 
Aeromonas, Arthrobacter , AcidiphiHum , Brevibacterlum , Cory nebacteri u m and Pseudomonas . or the 

65 enzyme is that derived from any of these microorganisms. 

16. The process of Claim 11, 12, 13, 14 or 15, wherein the microorganism is Streptomyces griseus , 
Saccharomyces cerevisiae , Trichosporon cutaneum , Aeromonas hydrophila , Arthrobacter paraffineus, 
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Arthrobacter nicotianae , Acidiphiltum cryptum , B re vi bacterium protophormiae , Corynebacterlum 
paurometabolum , Corynebacterium acetoacidophilum or Pseudomonas oxalaticus , or the enzyme is that 
derived from any of these microorganisms. 

17. The process of Claim 1 1, 12, 13 or 14, wherein the enzyme is that derived from mammalian organ. 

18. The process of Claim 11 , 12, 13 or 14. wherein the microorganism is that having (S)-selective esterase 
activity of the genus selected from the group consisting of Arthrinium , Aspergillus , Cephalosporium , 
Echinopodospora, Emericellopsis , Hypocrea . Isaria, Lepista , Nectria , Pestaiotiopsis , Phialophora. 
Podospdra ] Botryoascus . Candida . Citeromyces, Debaryomyces , Hormoascus , Mo ni lie I la , 
Kluyveromyces , Nadsonia . Rhodotorula , Schizosaccharomyces , Torulopsis , Wickerhamia , Alcallgenes , 
Arthrobacter , Brevibacterium . Protaminobacter and Pseudomonas , or the enzyme is that derived from 
any of these microorganisms. 

19. The process of Claim 11, 12, 13, 14 or 18, wherein the microorganism is Arthrinium phaeosphermum , 
Aspergillus ficuum . Cephalosporium mycophilum . Echinopodospora jamaicensis , Emericellopsis glabra , 
Hypocre a ~iactea . Isaria atypicola . Lepista nuda , Nectria flammea , Pestaiotiopsis distincta , Phialophora 
fastigiata , Podospora carbonaria . Botryoascus synnaedendrus , Candida diversa , Candida 
pseudotropicalis. Citeromyces matritensis , Debaryomyces hansenii , Hormoascus platypodis , Moniliella 
tomentosa , Kluyveromyces fragilis . Nadsonia elongata , Rhodotorula glutinls , Schizosaccharomyces 
pombe , Torulopsis gropengiesseri r Wickerhamia fluorescens . Alcali genes faecails . Arthrobacter crystal- 
lopoietes . Brevibacterium ffavum . Protaminobacter alboflavus or Pseudomonas acidovorans . or the 
enzyme Is that derived from any of these microorganisms. 

Revendications 

1. Procede de preparation d'acide (R)-indoline-2-carboxylique repondant a la formule [<R)-II]: 



par un dedoublement optique. comprenant Taction consistant a soumettre un ester rac€mique de 
I'acide (R.S)-indoline-2-carboxylique ayant la formule generale [(R.S)-U: 



ou R est un groupe alkyle ou alcenyle ayant de 1 a 10 atomes de carbone: un groups alkyle ou 
alcenyie ayant de 1 a 10 atomes de carbone substitu£ soit par un groupe hydroxyle soit par un atome 
d'halogene. ou simultanement substitue par a fa fois un groupe hydroxyie et un atome d'halogene; un 
groupe hydrocarbons aromatique substitue' ou non substitue; ou un groupe phenyle ou benzyle 
substitue ou non substitu£. a Paction d'une enzyme ou d'un micro organlsme ayant une activity 
d'esterase ster^o-se'lectlve de fagon a d£doubler optiquement fester rac^mique [(R,S)-I] en acide (R)- 
fndollne-2-carboxylique optiquement actif [<R)-1I] et en un ester de I'acide (S)-indoline-2-carboxylique 
ayant la formule g^neVale [<S)-I]: 
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(S) L II I ICSJ-I] 

:oor 

oO R est tel que defini plus haut; et on suite a isoler chaque produit optiqueirtent actlf. 

Procede selon la revendication 1. dans lequel le mlcroorganisme est du genre choisl dans te groupe 
consistant en Streptomyces . Saccharomyces , Trichosporon . Aeromonas r Arthrobacter . Acidiphilium . 
Brevlb acterlum . Corynebacterium et Pseudomonas ou I'enzyme est derivee de I'un quelconque de ces 
microorganismes. 

Proced£ seion I'une das revendications 1 ou 2, dans lequel le microorganisme est Aspergillus melleus . 
Bacillus subtilis , Strepto m yces griseus . Saccharomyces cerevisiae , Trichosporon cutaneum , Aeromonas 
hydrophlla , Arthrobacter parafflneus . Arthrobacter nicotianae , Acidiphilium cryptum , Brevibacterium 
protophormiae. Corynebacterium paurometabolum , Corynebacterium acetoa'cidophilum ou Pseudomo- 
nas oxalacticus, ou P enzyme est derivee de I'un quelconque de ces microorganismes. 

Procede selon la revendication 1, 2 ou 3, dans lequel I'enzyme est la Protease Amano P®, la 
Bioplase® AL 15 ou PActinase E®. 

Procede selon la revendication 1, dans lequel P enzyme est celle derived du pancreas des mammife- 
res. 

Procede selon la revendication 5. dans lequel P enzyme est la Pancreatic digesting enzyme TA ®, la 
Steapsin® ou la Lipase® L 3216. 

ProcSde" de preparation d'acide (S)-indoline-2-carboxylique re pond ant a la formute [<S)-II]: 



<S> — ^ |[ J £<S)-II3 

^COOH 

par un dedoublement optique, comprenant Paction consistant a soumettre un ester racemique d'acide 
(R,SHndoline-2-carboxylique ayant la formule generate [R,S)-IJ: 




(R,S> ^ ± C(R,S>-X] 

H 'COOR 

ou R est un groupe atkyle ou afc£nyle ayant de 1 a 10 atomes de carbone; un groupe alkyle ou 
alcenyle ayant de 1 a 10 atomes de carbone substftue 1 solt par un groupe hydroxy le soit par un atome 
d'halogene, ou simuttan£ment substltue par a la fois un groupe hydroxyle et un atome d'halogene; un 
groupe hydrocarbons" aromatique substltue ou non substitue; ou un groupe ph£nyle ou benzyle 
substltue ou non substitue, a Paction d'une enzyme ou d'un microorganisme ayant une activity 
d'est^rase st6r£o-selective de facon a dedoubler optiquement Pester racemique C(R»S)-l] en acide (S)- 
indoline-2-carboxylique optiquement actif [(S)-ll] et en un ester de Paclde (R)-indoline-2-carboxylique 
ayant la formule gene rale [<R)-1]: 
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CR> • 




t <R)-I] 



OOR 



0C1 R est tel que defini plus haut, et ensuite a tsofer chaque prodult optiquement actif. 

8. Precede selon la revendication 7, dans lequel le microorganisme est du genre choisi dans le groupe 
consistant en Arthrlnium , Aspergillus , Cephalosporium , Echinopodospora , Emericetlopsis, Hypocrea . 
Isaria , Lepista , Nectria . Pestalotl opsi s , Phialophora , Podospora , Botryoascus , Candida , Citeromyces , 
Debaryomyces , Hormoascus , Moniliella , Ktuyveromyces . Nadsonia . Rhodotorula . Schlzosaccharomy- 
ces, Torulopsis , Wickerhamia . Alcaiigenes , Arthrobacter , Brevibacterl um , Protaminobacter et Pseudo- 
monas , ou I'enzyme est ceile derivee de Tun quelconque de ces microorganismes. 

9. Proceed selon la revendication 7 ou 8, dans lequel le microorganisme est Arthrinium phaeosperm um , 
Aspergillus ficuum , Cephalosporium mycophilum . Echinopodospora jamaicensis , EmericeHopsis glabra. 
Hypocrea lactea . Isaria atypicola. Lepista nuda , Nectria flammea . ~Pestatotiopsis distincta , Phialophora 
fastigiasta , Podospora carbonaria , Botryoascus synnaedendrus , Candida diverse^ Candida pseudotropi- 
calis . Citeromyces matrrtensis . Debaryomyces hansenii , Hormoascus pfatypodis , Monilielia tomentosa, 
Kluyveromyces tragi lis , Nadsonia elongata . Rhodotorula glutinis , Schizosaccharomyces pombe, "Toru- 
lopsis gropengiesseri . Wickerhamia fluorescens , Alcaiigenes faecal is , Arthrobacter crystallopoietes , 
Brevibacterium flavum . Protaminobacter alboflavus ou Pseudomonas acidovorans . ouT'enzyme est celle 
derives de Tun quelconque de ces microorganismes. 

10. Proceed selon la revendication 7, dans lequel I" enzyme est la Lipoprotein lipase ou la Lipase AP 6®. 

11. Proc£d£ de preparation d'acide indoline-2-carboxylique optiquement actif ay ant la formule [II*]: 




CII*] 



OOH 



comprenant la mise en contact d'un ester racism I que de Tacide (R,S)-indoline-2-carboxylique ayant la 
formule generate [(R.S)-!]: 



H COOR 



C <R,S)-IJ 



oO R est un groupe alkyle ou alc£nyle ayant de 1 a 10 atomes de carbone; un groupe alkyle ou 
so alcenyle ayanr de 1 a 10 atomes de carbone substitue' soit par un groupe hydroxyle soft par un atome 

d'halogene, ou simultan£ment substitu€ par a la fois un groupe hydroxyle et un atome d'halogene; un 
groupe hydrocarbons' aromatique substitue ou non substitue^ ou un groupe phenyie ou benzyle 
substitue ou non substitu£. avec une enzyme Immobilisee ou un microorganisme immobllfs€ ayant une 
activite d 'esterase stereo-selective, immobilise sur un support hydrophobe de facon a dSdoubler 
ss optiquement Tester racemique [(R,S)-U en aclde indoline-2-carboxylfque optiquement actif [II*] et en un 

ester optiquement actif de Pacide indoline-2-carboxylique ayant la formule generate tH- 
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IX* 3 



oCi R est tel que defini plus haut, I'elution de I'acide indollne-2-carboxylique hydrophile [IP] avec de 
70 I'eau ou une solution tampon, et ensuite I'hydrolyse aveo un alcali de Tester optiquemertt actif de 

I'acide indoline-2-carboxylique [1*3 qui est adsorb^ et retenu sur un support d'immobilisation pour eluer 
i'acide indoline-2-carboxylique optiquement actif [11*] ayant un pouvoir rotatoire optique oppose par 
rapport a i'acide indoiine-2-carboxylique pr4cedemment obtenu [li*]. 

rs 12. Procede selon ia revendication 11, dans lequel le support hydrophobe pour ('immobilisation de 
I'enzyme ou du microorganisme est un adsorbant synthetique, une re'sine hydrophobe pour chromato- 
graphie. une resine hydrophobe a reticulation photo induite ou un materiau macromoleculaire dans 
lequel un groupe hydrophobe est introduit par une liaison chimlque. 

so 13. Pro^de" selon la revendication 11 ou 12, dans lequel I'hydrolyse asymetrique est effectu^e avec I' 
enzyme immobilisee ou le microorganisme Immobilise charge dans une colonne. 

14. Procede selon la revendication 11 ou 12, dans lequel I'hydrolyse asymetrique est effectuee dans un 
procede en discontinu. 

25 . 

15. Procede" selon Tune quelconque des revendications 11, 12, 13 ou 14, dans lequel le microorganisme 
est ceiui ayant une activite d 'esterase (R)-selective du genre choisi dans le groupe consistant en 
Streptomyces . Saccharomyces . Trichosporon , Aeromonas , Arthrobacter , Acidiphilium , Bre vi bacterium , 
Corynebacterium et Pseudomonas . ou I'enzyme est cede derivee de Tun quelconque de ces microor- 

30 ganismes. 

16. Procecle' selon I'une quelconque des revendications 11, 12. 13, 14 ou 15, dans lequel le microorgani- 
sme est Streptomyces g rise us , Saccharomyces cerevlsiae , Trichosporon cutaneum , Aeromonas hydro- 
phi la , Arthrobacter paraffineus . Arthrobacter nicotian ae , Acidiphilium cryptum , Brevibacterium proto- 
ns phormiae, Corynebacterium paurometabolum . Corynebacterium acetoacidophilum ou Pseudomo nas 

oxalacticus , ou I' enzyme est celle derivee de I'un quelconque de ces microorganismes. 

17. Procede selon Tune quelconque des revendications 11, 12, 13 ou 14, dans iequel I'enzyme est celle 
derivee d'un organe de mammlfere. 

40 

18. Procede selon i'une quelconque des revendications 11, 12, 13 ou 14, dans iequel te microorganisme 
est celui ayant une activite d 'esterase (S)-seiective du genre choisi dans le groupe consistant en 
Arthrinium , Aspergillus , Cephalosporium , Echinopodospora , Emericellopsis . Hypocrea , Isaria . Leptsta . 
Nectria . Pestaiotfopsis . Phialophora , Podospora , Botryoascus , Candida , Citeromyces , Debaryomyces , 

■45 Hormoascus , Monillella . Kluyveromyces , Nadsonia , Rhodotorula , Schizosaccharomyces, , Torulopsis . 

Wickerhamia , Alcaligenes, Arthrobacter , Brevibacterium , Protaminobacter et Pseudomonas , ou I'enzy- 
me est celle derivee de I'un quelconque de ces microorganismes. 

19. Procede selon I'une quelconque des revendications 11, 12, 13, 14 ou 18. dans lequel le microorgani- 
50 sme est Arthrinium phaeospermum . Aspergillus ficuum , Cephalopsorfum mycophilum . Echinopodospora 

Jamaicensis , Emericel lopsl s glabra , Hypocrea lactea . Isaria atypicolaT~Lepista nuda , Nectria flammeaT 
Pestalotlopsis distincta . Phialophora fastigiata , Podospora carbonaria , Botryoascus synnaedendrus , 
Candida diversa , Candida pseud otropicalls , Citeromyces matritensis , Debaryomyces hansenii , Hor- 
moascus platypodis . Moniliella tomentosa . Kl y uvero m yces frag II is , Nadsonia elongata , Rhodotorula 
55 giutinis , Schizosaccharomyces pom be . Torulopsis gropenglesseri . Wickerhamia fluorescens , Alcalige- 

nes faecalis . Arthrobacter crystallopotetes , Brevibacterium flavum . Protaminobacter alboflavus ou Pseu- 
domonas acidovorans . ou I'enzyme est celle derivee de I'un quelconque de ces microorganismes. 
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Anspruche 

1- Verfahren zur Herstellung von <R)-lndolin-2-carbonsaure der Formel [(R)-IIJ: 



(R) L !| 1 C (R)-II1 

durch eine oplische AufJSsung, welches umfafit Unterwerfen eines racemlschen Esters aus (R,S)- 
lndolin-2-carbonsaure der afigemeinen Formel [(R.S)-I]: 



<R ' S) — L IL i t<R,S)-I] 

v COOR 

worin R eine Alkyl- Oder Alkenylgruppe mit 1 bis 10 Kohlenstoffatomen; eine Alkyl- Oder Aikenylgruppe 
mit 1 bis 10 Kohlenstoffatomen substituiert mit entweder Hydroxy Igruppe oder einem Halogenatom, 
Oder gleichzeitig substituiert mit Hydroxy Igruppe und einem Halogenatom; eine substituierte oder 
unsubstituierte aromatische Kohlenwasserstoffgruppe; oder substituierte oder unsubstituierte Phenyl- 
oder Be nzy Igruppe ist, der Wirkung eines Enzyms oder Mikroorganismus welche eine stereoselektiven 
Esteraseaktivitat zum optischen AuflOsen des racemischen Esters E(R,S)-I] in optisch aktive (R)-lndolin- 
2-carbonsaure C(RHl] unci einen Ester der (S)-lndolin-2-carbonsaure mit der allgemeinen Formel I(S)-I] 
haben: 




CO, 

M >cc 



:oor 

worin R wre oben ist. und dann isoMeren des jeweils optisch aktive n Produkts. 

2. Verfahren nach Anspruch 1. worin der Mikroorganismus der der Gattung ist, der aus der Gruppe 
ausgewahlt Ist, die aus Streptomyces , Saccharomyces , Trichosporon , Aeromonas , Arthrobacter, Acidi- 
philium , Brevibacterium , Corynebacterium und Pseudomonas besteht Oder das Enzym das ist, das aus 
einem dleser Mlkroorganismen stammt. 

3. Verfahren nach Anspruch 1 oder 2, worin der Mikroorganismus Aspergillus melleus . Bacillus subtil is , 
Streptomyces griseus , Saccharomyces cerevtsiae . Trichosporon cutaneum , Aeromonas hydrophlla , 
Arthrobacter paraffin eus . Arthrobacter nicotianae , Acidiphlllum cryptum . Brevibacterium protophormlae , 
Cory nebacteriu m paurometabolum , Corynebacterium acetoacidop h I lum oder Pseudomonas oxalacticus 
ist oder das Enzym das ist, das aus einem dieser Mlkroorganismen stammt. 

4. Verfahren nach Anspruch 1, 2 oder 3, worin das Enzym Protease Amono P®, Bioplase® Al_ 15 oder 
Actinase E® ist- 

5. Verfahren nach Anspruch 1 , worin das Enzym aus Saugetier-Pankreas stammt. 

6. Verfahren nach Anspruch S, worin das Enzym pankreatisch verdauendes Enzym TA® , Steapsin® oder 

42 



EP O 197 474 B1 



Lipase® L 3216 1st. 



7. 



Verfahren zur Herstellung von (S)-lndolin-2-carbonsaure' mft der Forme! [<S)-II]: 



<S> — 




C (S)-II] 



durch eine optische Auflosung, welches umfaflt: Unterwerfen eines racemischen Esters von (R,S)- 
lndolin-2-carbonsaure der allgemeinen Forme! [(R,S)-I3: 



worin R eine Alkyl- oder Alkenylgruppe mlt 1 bis 10 Kohlenstoffatomen; eine Alkyl- oder Afkenylgruppe 
mit 1 bis 10 Kohlenstoffatomen substituiert mit entweder Hydroxylgruppe oder einem Halogenatom 
oder gleichzeitig substituiert mit Hydroxylgruppe und einem Halogenatom; eine substltuierte oder 
unsubstituiert© aromatische Kohlenwasserstoffgruppe; oder substltuierte oder unsubstituierte Phenyl- 
oder Benzylgruppe ist; der Wirkung eines Enzyms oder eines Mikroorganismus welche eine stereoakti- 
ve EsteraseaktivitSt zum opttschen Auflosen des racemischen Esters C(R.S)-I] < n optisch aktive (S)- 
lndolin-2-carbonsSure [(S)-!!] und einen Ester von (R)-Indolin-2-carbonsaure mit der allgemeinen Formel 
[<RH1 haben: 



worin R wie oben ist, und dann Isolieren des jeweils optisch aktiven Produktes. 

8. Verfahren nach Anspruch 7, worin der Mikroorganismus der des Stammes ist, der aus der Gruppe 
ausgewShlt ist, die aus Arthrinium , Aspergillus , Cephalosporium, Echinopodospora , Erne rice llopsis , 
Hypocrea . Isaria , Lepista , Nectria , Pestalotlopsi s , Phiaiophora , Podospora, Botryoascus , Candida . Cite- 
romyces , Debaryomyces . Hormoascus , Moniliella , Kluyveromyces , Nadsonia . Rhodotorula , Schizosac- 
charomyces, Torulopsis, Wicker hamia , Alcaligenes , Arthrobacter, Brevibacterlum , Protaminobacter und 
Pseudomonas besteht oder das Enzym das Ist, das von einem dieser Mikroorganismen stammt. 

9. Verfahren nach Anspruch 7 oder 8, worin der Mikroorganismus Arthrinium phaeo sperm urn , Aspergillus 
ficuum , Cephalosporium mycophilum , Echinopodospora jamalcensis , Emericellopsis glabra , Hypocrea 
lactea , Isaria atypicola , Lepista nuda , Nectria flamroea , Pestalotiopsis distincta , Phiaiophora fastigiasta , 
Podospora carbonari a , Botryoascus synnaedendrus , Candida dlversa , Candida pseudotropicalls , Citero- 
myces matritensis , Debaryomyces hansenit , Hormoascus piatypodis . Moniliella tomentosa , Kluyveromy- 
ces tragi Its , Nasonia elongata . Rhodotorula glutinis, Schizosaccharomyces pombe , Torulopsis gropen- 
gtesseri , Wickerhamia fluorescens , Alcaligenes faecalis , Arthrobacter crystallopoietes , Brevibacterium 
flavum , Protaminobacter alboflavus Oder Pseudomonas acidovorans , ist oder das Enzym das ist, das 
von einem dieser Mikroorganismen stammt. 

10. Verfahren nach Anspruch 7, worin das Enzym Lipoproteins pase oder Lipase AP 6® ist. 
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11. Verfahren zur Herstellung von optisch aktiver lndolin-2-carbonsaure der Formal [ll*]: 



5 




tXX* 3 



welches umfaOt: in Kontakt brlngen elnes racemischen Esters von (R,S)!ndoIln-2-carbons3ure mit der 
ailgemeinen Formel [(R.SHI: 



is 




worm R eine Alky I- oder Alkenylgruppe mit 1 bis 10 Kohlenstoffatomen; eine Alky I- oder Alkenylgruppe 
mit 1 bis 10 Kohlenstoffatomen substrtuiert entweder mit Hydroxylgruppe oder einem Halogenatom, 
oder gleichzeitig substituted mit Hydroxylgruppe und einem Halogenatom; eine substituierte oder 
unsubstituierte aromatische Kohienwasserstoffgruppe; oder substituierte oder unsubstituierte Phenyl- 
25 oder Benzylgruppe ist, mit einem Immobilisierten Enzym oder Microorganism us, immobilisiert auf 

einem hydrophoben TrSger mit einer stereos elektiven Esterase aktivitat zum optischen Auf lo sen des 
racemischen Esters [(R,S)-I3 in optisch aktlve lndolin-2-carbonsaure [ll*] und einem optisch aktiven 
Ester von lndoltn-2-carbonsaure mit der ailgemeinen Formel [1*]: 
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CI* 1 



worin R wie oben 1st, Eluieren hydrophiler lndolln-2-carbonsaure [11*1 mit Wasser oder einer Pufferlo- 
sung, und dann Hydrofysieren des optisch aktiven Esters von lndolin-2-carbonsaure [1*3 mit Alkali, 
**o weicher adsorbiert und auf einem immobilisierenden TrSger zurUckgehalten wird, um die optisch aktive 

lndolin-2-carbonsaure [ir] mtt einer entgegengesetzten optischen Rotation bezogen auf die vorher 
erhaftene indolln-2-carbonsaure [in zu eluieren. 

12. Verfahren nach Anspruch 11, worin der hydrophobe TrSger zum Immobilisieren des Enzyms oder 
•45 Mikroorganismus ein synthetischer Adsorbant. ein hydrophobes Harz fUr die Chromatographie, ein 

hydrophobes photoinduziert vernetztes Harz oder ein makromolekulares Material ist, in dem eine 
hydrophobe Oruppe durch eine chemische Bindung eingefUhrt ist. 

13. Verfahren nach Anspruch 11 oder 12, worin die asymmetrische Hydrolyse mit einem in eine Saule 
so gefUltten immobilisierten Enzym oder Mikroorganismus durchgefdhrt wlrd. 

14. Verfahren nach Anspruch 11 oder 12, worin die asymmetrische Hydrolyse in einem Chargenprozefl 
durchgefUhrt wird. 

ss IS. Verfahren nach Anspruch 11, 12, 13 oder 14, worin der Mikroorganismus der ist, der (R)-selektive 
Esteraseaktivitat hat, von der Gattung aus der Gruppe ausgewShlt Ist, die aus Streptomyces, Saccharo- 
myces , Tricosporon, Aero m on as , Arthrobacter , Acidiphlllum , Brevibacterium , Corynebacterium und 
Pseudomonas besteht, oder das Enzym ist. das von efnem dieser Mikroorganismen stammt. 
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16. Verfahren nach Anspruch 11, 12, 13, 14 Oder 15, worin dor Mikroorganlsmus Streptomyces griseus . 
Saccharomyces cerevisiae , Trichosporon cutaneum . Aeromonas hydrophlla , Arthrobacter paraffineus , 
Arthrobacter nicotianae , AcidiphHium cryptum , Brevibacterium protophormtae , Cory nebacte ri u m pauro- 
metabolum , Corynebacterium acetoacidophilum Oder Pseudomonas oxaiaticus ist, oder das Enzym ist, 

5 das von einem dieser Mikroorganismen stammt. 

17. Verfahren nach Anspruch 11, 12, 13 oder 14, worin das Enzym das 1st, das aus einem S&ugetierorgan 
stammt. 

to 18. Verfahren nach Anspruch 11, 12, 13 oder 14, worin der Mikroorganismus der ist, der (S)-sefektive 
Esteraseaktrvltat hat, von der Gattung aus der Gruppe ausgewahlt ist. die aus Arthrinium , Aspergillus , 
Oephalosporium, Echinopodospora , Emerlcel lopsis . Hypocrea , Isaria, Lepista, Nectrta , Pestalottopsis , 
Phialophora , Podospora , Botryoascus , Candida , Citeromyces , Debaryomy ces , Hormoascus , Moniliella . 
Kiuy veromyces , Nadsonla , Rhodotorula , Schlzosaccharomyces , Toru lopsis , Wickerhamia , Alcaligenes . 

r5 Arthrobacter, Brevibacterium , Prdtamtriobacter und Pseudomonas besteht, oder das Enzym das ist, das 

aus einem dieser Mikroorganismen stammt. ~~ 

19. Verfahren nach Anspruch 11, 12, 13, 14 oder 18, worin der Mikroorganismus Arthrinium phaeospher- 
mum, Aspergillus ficuum, Cephalosporium mycophllum , Echinopodospora jamaicensis , Emericellopsis 

zo glabra , Hypocrea lactea , Isaria atypicola , Lepista nuda . Nectria flammea , Pestalottopsis distincta , 

Phialophora fastigiata , Podospora carbonaria , Botryoascus synnaedendrus , Candida di versa , Candida 
pseudotropl cal is , Citeromyces matritensis , Pebaryomyces hansenii , Hormoascus platypodis , Moniliella 
tomentosa , KJ uy veromyces frag i lis , Nadsonia elongata , Rhodotorula glutinis , Schizosaccharomyces 
pombe , Torulopsis gropengiesseri , Wickerhamia fluorescens , Alcaligenes faecalis , Arthrobacter crystal- 

zs lopoietes . Brevibacterium flavum, Protamtnobacter albofluvus oder Pseudomonas acidovorans ist, oder 

das Enzym das ist, das von einem dieser Mikroorganismen stammt. 
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